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1.1. Introduction 
Within bioarchaeology the study of dental nonmetric traits is one of the ways to study 
intracemetary kinship and cemetery structure. The goals is to identify members of 
family groups based on the shared presence of nonmetric traits. Kinship analysis can 
then help to reconstruct site-formation processes and determine if relatives are buried 
in the same area and in that way determine if a cemetery was kin structured. This 
morphological study will be conducted on a skeletal assemblage from Middenbeemster, 
the Netherlands. This cemetery was excavated in 2011 by Leiden University, the 
Netherlands. As the site has only recently been excavated, its population is still 
uninvestigated. These facts create an interesting opportunity for research. The goal of 
this thesis is to identify relatives within the skeletal series of the Middenbeemster 
cemetery and to investigate whether those relatives were buried in a spatial pattern. By 
investigating the absence or presence of family burial clusters it can be determined 
whether cemetery organization was kin-structured.  
 
1.2. The history of dental anthropology and the use of dental nonmetric traits 
Bioarchaeology is the contextual study of the biology, culture, and evolution of human 
populations using skeletal remains interpreted within archaeological, historical, and 
contemporary problem orientations. Bioarchaeology has close connections with skeletal 
biology and forensic science and emerged as a popular field during the 1970’s in the 
light of the New Archaeology (Stojanowski and Schillaci 2006, 49). One of the disciplines 
within bioarchaeology is dental anthropology. Although the term ‘dental anthropology’ 
was first introduced by Klatsky and Fisher (Klatsky and Fisher 1953), some of the earliest 
pioneers working on human dental morphology were Hrdlička (1920; 1921) and 
Krogman (1927).  
It was in the nineteenth to early twentieth century that interests in descriptive 
morphology flourished, leading to the discovery and description of many nonmetric 
traits. The use of dental characteristics in studies of population relationships developed 
from then on. Some of the early contributions to understanding population variability 
came from Dahlberg (1945), Pedersen (1949) and Moorrees (1957). The observation 
that morphological dental traits exhibit significant differences in frequency among major 
geographic areas was made from the early twentieth century (Dahlberg 1945; Dahlberg 
1951; Hrdlička 1920; Hrdlička 1921). For some traits the differences between groups 
were so pronounced that researchers defined Mongoloid, Caucasoid, and African dental 
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complexes in the second half of the 20th century (Haeussler 1989; Hanihara 1968; Irish 
1994; Mayhall et al. 1982).  
Until the 1950’s, biological anthropology consisted mainly of collecting, categorizing and 
comparing data to fit into fixed typological classifications. It was Washburn (1953, 126) 
who stressed that researchers needed to focus on hypothesis testing rather than 
classification. Although it has been the focus of dental anthropology for many decades, 
classification and interregional research on a global scale neglects the genetic and 
nonmetric variation within those populations. The general characteristics of dental 
nonmetric traits are still used in the forensic sciences to estimate ethnic affiliation. For 
example, an individual with or trace incisor shoveling, a Carabelli’s cusp and a 4-cusped 
lower second molar would most likely be of an European or Western Eurasian decent 
because those traits tend to occur in those populations (Scott and Turner 1997, 315). 
But this is only a small part of what human dental morphology can accomplish. 
When testing hypotheses about population affinity by the use of dental morphology, 
distance statistics are often used to estimate relative degrees of similarity or 
dissimilarity. In 1971, Turner used a single root trait to distinguish three primary 
subgroupings within the Americas; Eskimo-Aleut, Na-Dene, and all other Indians of 
North and South America (Turner 1971). The information derived from this dental 
research formed the framework for the three-migration model. This model assumed 
that the Americas were colonized by three different migration waves (Greenberg et al. 
1986, 477). This research shows the impact of dental anthropology on archaeology and 
other neighboring disciplines. Furthermore, it is an example of dental morphology 
during the second half of the twentieth century being used for intercemetary 
investigation and to determine migrations that might have taken place in the past.  
The 1970’s was an important decade for nonmetric studies even though there was a 
decline in the frequency of biological distance studies overall (Buikstra et al. 1990, 6). 
Nonmetric dental studies focus on the morphological variation of teeth and defining 
different traits. Metric dental studies, on the other hand, examine odontometric 
variation by analyzing tooth size. By the end of the decade, several concerns surfaced. 
Methodological scoring issues regarding the inter- and intra-observer error, were 
important concerns throughout the 1980’s. Other issues were related to the heritability 
of nonmetric traits. It is uncertain how nonmetric traits are related to individual genes 
and how they are influenced by environmental factors. Many researchers and students 
turned their focus towards paleopathology and paleodemography. In the last two 
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decades however, there has been be a slow revival of dental anthropology (Buikstra et 
al. 1990, 6; Mays 2010, 11). 
 
1.3. Kinship analysis and cemetery structure analysis 
Relatives have greater phenotypic similarities compared to non-related individuals. So 
populations or subpopulations who exchange mates should become more 
phenotypically similar than those who do not. This means that individuals who express 
the same traits are more likely to be related.  
The primary benefits of phenotypic approaches towards other methods such as DNA 
analysis are the availability of large sample sizes, methodological and analytical 
efficiency, non-destructive sampling, and the ability to include old populations 
(Stojanowski and Schillaci 2006, 51). 
While generally acknowledged that gene frequencies are reflected through nonmetric 
trait frequencies, there are important differences between phenotypic and genotypic 
patterns. Environmental differences are important to consider since they may influence 
the development and variance of nonmetric traits. It is usually not known how 
environmental factors influence the appearance of nonmetric traits. Furthermore, it is 
uncertain how morphological distance relates to genetic distance. There are different 
categories of relatedness that have the same phenotypic outcome. Thompson (1986 in 
Stojanowski and Schillaci 2006, 59) identified four categories of genetic relatedness. The 
first category contains parents, offsprings and siblings. The second category refers to 
close related cousins and half siblings while the third category refers to more remote 
cousins. The fourth category includes unrelated individuals. The investigation of dental 
nonmetrics can shed light on family relations but not on the degree of relatedness. 
Other supplementary documentation such as written information in the form of parish 
registers would create the possibility to check the effective relatedness of the 
individuals under study (Hallgrimson et al. 2004, 258). 
 
Although there is a strong emphasis on intercemetary phenotypical approaches within 
the field, these comparisons are also possible at the intracemetery level. The main 
difference between earlier dental morphology studies and more recent research is the 
focus on intragroup variation. This focus provides a new theoretical framework for 
analyzing admixture, migration and population history. Focusing on phenotypic variance 
within populations provides a much more comprehensive understanding of population 
relationships.  
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A significant amount of human genetic variation is found within local populations. Broad 
taxonomic phenotypic approaches ignore this variation by treating the site as a unit of 
analysis instead of a unit of investigation. A focus on small-scale relationships uses the 
genetic variability that exists within local populations (Stojanowski and Schillaci 2006, 
50). This intracemetary approach is clearly shown in the review article by Stojanowski 
and Schillaci (2006). In their article it is shown that intracemetery analyses provide 
unique information about past peoples. They review various intracemetery analytical 
approaches, focusing particularly on the identification of relatives within skeletal series 
and on the inference of postmarital residence practices. Furthermore, they outline other 
types of intracemetery analyses that are less common. These concern topics such as the 
study of general levels of phenotypic variability, temporal microchronology, and age 
structured phenotypic variability. An interesting example they refer to is the case study 
concerning death and burial at Windover Pond, Florida (Doran 2002 in Stojanowski and 
Schillaci 2006, 62-63). Burial at Windover occurred on the shallow margins of a pound 
with differential burial density around the perimeter. The identification of different 
kingroups and the analysis of the cemetery structure revealed interesting results. Data 
was collected on eighty dental morphological variables and eighty-three cranial 
nonmetric variables. Each of the variables were plotted and visually assessed. It was 
concluded that approximately 41% of the nonmetric traits were differently present in 
the east and west part of the pound. These results suggested that the pond was used as 
burial place by to different subpopulations which were assumed to be bands. The results 
of this biological data was  strengthened by the fact that both subgroups used a 
different material for the woven burial shrouds. 
There are some unique benefits of intracemetary analysis compared to intercemetary 
analysis. There is the smaller geographic area and time frame which minimalizes the 
effects of environmental variance between populations. However, we have to be aware 
of the impact that cemetery size has on variability and if the cemetery is representative 
of the living population (Stojanowski and Schillaci 2006, 53). Candien et al. noted in 1974 
that skeletal remains recovered from cemeteries are not necessarily contemporaneous 
and might therefore have been subjected to different circumstances. Skeletal 
populations are samples of lineages, introducing a temporal aspect to the possible 
environmental influences on nonmetric traits. Thus, Candien et al. encourages 
researchers to appraise the composition of their skeletal samples carefully (Candien et 
al. 1974, 196). Another problematic aspect within kinship analysis is the cemetery 
catchment area. A single cemetery can represent a broad mating network. This might 
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lead to bias in the interpretation of what is assumed to be a family household cemetery. 
When this is the case, it is the strength of intracemetery analysis to be able to evaluate 
those concerns by making the difference between internal subgroupings (Stojanowski 
and Schillaci 2006, 53). 
 
1.4. Research goals and questions 
The purpose of this thesis is to use dental nonmetric traits for intracemetary kinship 
analysis and cemetery structure analysis. This intracemetery approach is rather new 
within the disciple but it can provide unique information about the site. By combining 
the phenotypic approach with the archaeological information, a picture of the 19th 
century population of Middenbeemster can be obtained. This is especially important 
because it is an unanalyzed population. It is an interesting opportunity to apply dental 
nonmetric analysis to a large and complete population. This is especially the case 
because the skeletons and their teeth are very well preserved. Furthermore, no dental 
nonmetric investigation has yet been conducted in the Netherlands. In that regard this 
investigation will be an important contribution to Dutch physical anthropological 
research. It can yield interesting information about the 19th century Dutch in 
Middenbeemster and hopefully stimulate further research. The information on the 
“micro-differentiation” is an important step within the analysis of admixture, migration 
and population history within the larger geographic area. The contributions of kinship 
and cemetery structure analysis will further our understanding of the burial ritual and 
the site formation processes for Middenbeemster.  
 
To obtain these goals several research questions are posed. 
1. Firstly, which traits are present in the sample under study? Is there a statistic 
significant intercorrelation between the different traits and is the occurrence of the 
traits sex related?  
2. Secondly,  are the occurring traits expected for a Caucasoid or European 
population? How do they differ or resemble those averages? 
3. Thirdly, which traits co-occur in subgroupings indicating possible kin groups? 
The different dental nonmetrics will be investigated in order to identify subpopulations 
in the sample. As stated before, subpopulations expressing the same morphological 
appearance are more likely to be related and to be a reflection of kinship.  
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4. Fourthly, is the Middenbeemster cemetery kin structured? It will be 
investigated if the individuals who share the same traits are randomly buried within the 
cemetery or clustered in one or more areas. This could determine whether or not the 
cemetery is kin structured.  
  5. Fifthly, do the parish records confirm the hypotized kin groups? The cemetery 
of Middenbeemster has an advantage because there is other information available 
about the society beyond the archaeological data. Some parish records of the cemetery 
are preserved. These documents contain information on the sex and age of the 
deceased individuals. Furthermore, the status of many of the deceased can be inferred 
from information about of the amount of money and efforts spent on the burial. There 
is also information available on the professions of the individuals. This information is a 
great contribution to the research. Because it offers an important reflection on the 
validity of the research methods and the use of dental nonmetric traits for the 
determination of kinship. It is a unique opportunity to determine which nonmetric traits 
are the most useful in identifying genetic affinity an which are not. 
 
1.5. Conclusion 
In all, this research will make a valuable contribution to the field of dental anthropology, 
particularly in the Netherlands. This is the case for several reasons. The 
Middenbeemster population is a large and very well preserved sample for the analysis of 
dental nonmetric traits. Furthermore, no analysis has yet been conducted on nonmetric 
traits in the Netherlands. The use of intracemetery analysis instead of intercemetary 
analysis is also innovative. This approach is very interesting to reveal the amount of 
variance within a population. A benefit for this research is that the parish records of the 
cemetery are preserved which makes it possible to analyze the different nonmetric traits 
for their usefulness in identifying kin groups. 
17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter two: 
methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18 
 
2.1. Methods 
 
2.1.1. Sampling 
The preservation of the skeletal and dental material from Middenbeemster is very good. 
Many individuals were available for dental nonmetric analysis. Because every tooth can 
be scored for dental nonmetric traits, it is not necessary to only investigate skeletons for 
which all the teeth are present. An important selection criteria was the state of 
preservation of the teeth. When they are too worn, due to age related attrition or the 
use of teeth as tools, it is not possible to score them for nonmetric traits. As a result this 
sample consists of adolescents (13 - 17 years), young adults (early young adults; 18 - 25 
years and late young adults 26 - 35 years), and middle adults (36 - 49 years). There are 
no old adults (>50 years) in this sample because teeth are too worn by this age. 
 
To perform this dental research it is important to have a sufficient sample. This means 
that the amount of individuals has to be large enough in order to derive reliable 
information and obtain valid conclusions. The more individuals that could be analyzed, 
the more the sample would represent the overall population. The analysis of the 
skeletons was however a time consuming activity and the amount of time was limited. 
Therefore only a small sample of the entire population could be studied. Regarding the 
limitations it was decided that the sample would contain between 30 and 50 individuals. 
Although it is tried to obtain a representative sample it should always be kept in mind 
that this study is only investigating a limited sample and that the results are therefore 
preliminary. The results should therefore be seen as a direction addressing certain 
trends which could be confirmed or proven invalid by future research using a larger 
sample.  
 
At the end of the data collection, 47 individuals were scored for their dental nonmetric 
traits. Twenty traits were scored on the maxillary teeth and sixteen on the mandibulary 
teeth. Each nonmetric trait was scored on specific teeth which are known to express the 
nonmetric trait when present (table 1). 
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Table 1. The different nonmetric traits scored on the according teeth. The traits are scored for the teeth 
represented by white squares but are not applicable on teeth represented by grey squares. Table after 
Turner et al. 1991, 13-31. 
 
MAXILLA 3M 2M 1M 2P 1P C 2I 1I I1 I2 C P1 P2 M1 M2 M3 
Winging                                 
Labial curve                                 
Shovel                                 
Double shovel                                 
Interrupting groove                                 
Tuberculum dentale                                 
Mesial ridge                                 
Distal Accessory cusps                                 
Mesial and distal cusps                                 
Distosaggital ridge                                 
Metacone                                 
Hypocone                                 
Cusp 5                                 
Carabelli                                 
Parastyle                                 
Enamel extension                                 
Root #                                 
Peg-shaped                                 
Odontome                                 
Congenital absence                                 
                 MANDIBLE 3M 2M 1M 2P 1P C 2I 1I I1 I2 C P1 P2 M1 M2 M3 
Shovel                                 
Distal Accessory cusps                                 
Lingual cusps                                 
Groove Pattern                                 
Cusp #                                 
Deflecting wrinkle                                 
Protostylid                                 
Cusp 5                                 
Cusp 6                                 
Cusp 7                                 
Enamel extension                                 
Root #                                 
Odontome                                 
Tome's root                                 
Anterior fovea                                 
Congenital absence                                 
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2.1.2. Data collection 
The dental nonmetric traits will be identified and scored in accordance with the 
descriptions of Scott and Turner (Scott and Turner 1997; Turner et al. 1991) following 
the system of Turner et al. (1991), the ASUDAS Arizona State University dental 
anthropology system. 
Because dental nonmetric studies have yet to be applied to Dutch populations it is 
unknown which traits are most suited for analysis within this area. Therefore, the 
individuals under study will be investigated for all possible dental nonmetric traits. 
Furthermore, it is important to score all possible traits to notice differences and identify 
possible influences from other geographic areas.  
The ASUDAS Arizona State University dental anthropology system uses standard 
recording forms (table 1) and 3D reference plaques (examples, fig. 1 and 2)1. These 
aspects are key components to the fact that the ASUDAS method is still successfully 
being used today. The reference plaques enhance the observational precision by giving 
the researcher comparative examples. Although it will probably never be possible to 
obtain 100% accuracy, gathering ‘good’ dental morphological data for this research will 
be obtained by scoring the nonmetric traits in good lighting with the use of 3D reference 
plaques. These plaques are a very important part of the methodology. It enables the 
researcher to get familiar with the different nonmetric traits and reliably compare them 
for assessing different grades of presence. Furthermore, caution and repeat 
observations serve to minimalize intraobserver error. 
 
Fig. 1. 3D reference cast for the scoring of shoveling of the UI1 
 
Fig. 2. 3D reference cast for the scoring of the Cusp 5 on the UM 
                                                          
1
 All photos in this thesis are taken by Heidi Leroux. Copyright Osteological laboratory, Leiden 
University. 
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This research analyzes dental phenotypic data. This is a descriptive analysis which 
records visually assessed dental nonmetric traits. The goal is thereby to make systematic 
observations that can be replicated with accuracy. The observations should yield the 
same results when analyzed by the same researcher on different occasions. They should 
also coincide closely with the results of other workers examining the same set for the 
same variables. Data should be obtained with a minimum of intraobserver and 
interobserver error. The study of Nichol and Turner (1986, 299) concluded that the 
greatest difficulty in making consistent scoring judgments occur at the ‘trait threshold’, 
the presence-absence breakpoint. Furthermore, mistakes are often made when defining 
different grades of expression called ‘threshold expressions’.  
 
Furthermore, some traits are more difficult to score than others. It is of course better to 
already have some experience within the field of scoring dental traits. However, even 
when this is not the case, objectivity can be enhanced by gaining control over observer 
error. This can be done by replicating the results. Ten to twenty percent of the total 
amount of investigated individuals should be rescored in order to investigate 
intraobserver error. In order to also observe the bias due to the learning process, a 
component of the intraobserver error, the differences in error between earlier and later 
scorings will be compared. In this way it is possible to see whether there is a difference 
in bias in the beginning of the analysis compared to later observations.  
 
2.1.3. Analyzing the data 
After scoring the individuals from the Middenbeemster sample for the dental nonmetric 
traits, different analyses will be performed. This includes statistical correlation tests, 
investigating Eurasian similarity, and conducting kinship and spatial structure analysis. 
 
Firstly, statistical tests will be conducted. Intertrait correlation will be analyzed 
(Phi test) to investigate if the different nonmetric traits occur independently from one 
another or whether there is an interrelationship. The more traits individuals have in 
common, the higher the chance that they are related. Furthermore, it is known that 
some nonmetric traits occur more in one sex than in the other. The research of Davis 
(1987, 218) showed that females showed higher frequencies of hypodontia or missing 
teeth than males. It is in that regard interesting to investigate the correlation between 
nonmetric traits and sex (Chi² test).  It is important that the sample contains on average 
the same amount of female and male individuals. If sex differences on the other hand 
22 
 
are too big to reconstruct cemetery wide patterns, the sex bias can be removed by 
calculating trait frequencies separately for each sex. 
 
Secondly, a kinship analysis will be conducted. In order to identify possibly 
related individuals, the amount of shared traits between the individuals will be analyzed. 
Because nonrelated individuals mostly share a low amount of traits, the breakpoint of 
five shared traits will be used. At this breakpoint, the similarity is assumed not to be 
random but to express a possible degree of relatedness. 
 
 Thirdly, the obtained information on the presence of different nonmetric traits 
from Middenbeemster will be compared with the appearance of those traits in Europe. 
This information will be mainly derived from the book of Scott and Turner (1997, 165-
242). They  compile information for 21 geographic areas including Eurasia wherefore 
they studied skeletal series and used comparative data from the literature. The 
characterization of Eurasia is based on groups from Western Europe, Northern Europe, 
East Europe and North Africa. 
 
Fourthly, in order to analyze whether the cemetery was kin structured, two 
approaches will be used. Firstly, the spatial distribution of the different dental nonmetric 
traits and secondly, the spatial distribution of the presumed relatives as indicated by the 
kinship analysis will be visually analyzed. This will be done by highlighting the burials of 
interest in a map of the cemetery (fig. 3). These different maps will be created by the 
use of the geographic information system (GIS) program MapInfo2. The more the burials 
associated with a certain trait or relative are clustered, the more this indicates that the 
cemetery is likely kin structured. Burials will be regarded as clustered when they are 
lying in close proximity of each other, only separated by one burial in a vertical, 
horizontal or diagonal line.  
 
                                                          
2
 All MapInfo maps in this thesis are created by Heidi Leroux using the data from Hollandia 
Archeologen.  Copyright Osteological laboratory, Leiden University. 
23 
 
 
Fig. 3. MapInfo map showing the different burials in the Middenbeemster cemetery 
 
 
Fifthly, in order to identify traits of the highest value as a kinship indicator and 
the validity of the kinship breakpoint of five shared traits, the results of the kinship and 
cemetery structure analysis will be compared with the information from the parish 
records. The list of actual relatives will be compared with the assumed relatives based 
on the study of their dental non metric traits. In first instance this will reveal whether 
the nonmetric analysis is valid for the Middenbeemster population and which traits 
seem to be the most reliable for identifying biological relationships.  
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Chapter three: 
the site of Middenbeemster, 
context and history 
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3.1. Historical context: the Netherlands from the 16th until the 19th century 
 
3.1.1. Introduction  
In order to understand the rise of Middenbeemster and the different aspects of life in a 
Dutch town, the main events in the Netherlands from the 16th until the 17th century are 
summarized in the following paragraphs. This information is of importance because 
several aspects such as religion, economy, wealth, etc., might have had an influence on 
the use of the cemetery and its burial practices.  
 
3.1.2. The 16th century and the rise of the Dutch Republic 
The unity of the Low Countries has been established since the late middle ages. In 1549, 
it was declared that the Low Countries from that point in time had to be inherited as 
one undividable area. Since that moment onwards they were known as the seventeen 
provinces. The area included the county of Artesië, Flanders, Rijsel, Mechelen, Namen, 
Henegouwen, Zeeland, Holland, Brabant, Limburg, Luxemburg, Friesland, Doornik, 
Utrecht, Overijsel, Groningen, and Gelre (Blockmans 1993, 66). Towards the end of the 
16th century however, there were major discontents concerning the religious politics in 
the area. The Low Countries had come in contact with new religious directions such as 
the reformation and Protestantism. The sympathy in the North of the provinces for the 
protestant movements meant the rejection of the ruling Catholic government of Spain. 
The contradictions between both Protestants and Catholics turned stronger and 
eventually lead to a revolt. Despite the attempt to keep the unity of the Low Countries, 
the definitive fraction came in 1579 when the area was subdivided. The Southern 
Netherlands remained loyal to the Catholic Church and the Spanish sovereignty. The 
Northern Netherlands or from then on ‘the Republic’, followed the new protestant 
directions and became an association of states under a republican government 
(Blockmans 1993, 92). 
 
3.1.3. The 17th century, the Golden Age 
In 1602, the Dutch Republic established the ‘Verenigde Oostindische Compagnie’ or VOC 
and the ‘West-Indische Compagnie’ or WIC and succeeded in establishing a colonial 
empire.  Due to its colonial territories, the Republic became an economic superpower in 
the first half of the 17th century. Despite the broadening of perspectives due to the 
colonial expansion, only a small part of the population gained money from the colonial 
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trade. The volume and profits from the European continental trade were much  larger 
and important than the oversea trade (Israel 1995, 315). 
From 1590 onwards, the Republic was the leading area in Europe concerning economic 
development due to efficient and market aimed farming, a gigantic expansion of trade 
and finances, and the establishment of an industrial base. The drainage of the Beemster 
lake in order to create space for new agricultural lands, was a unique event and the first 
in its kind (online document from ICOMOS). Furthermore, the wool and cloth industry 
from Leiden and the docks from Amsterdam produced for large parts of the world (Israel 
1995 271-276; Prak 2005, 111-122). 
All these different factors created an economic expansion which made the Republic 
reach its peak in the first half of the 17th century, also known as the ‘Golden Age’ (Van 
Deursen 1993, 136-146). 
 
3.1.4. The 18th century, the decline of the Dutch Republic 
In the first half of the 18th century, the Republic is reduced to a small power. The Spanish 
succession war had coasted the Republic so much money that it did not really recover 
which led to serious debt problems. France and England enlarged their participation in 
the oversea trade, thereby slowly demolishing the power of the Republic in the East. 
Although the Dutch merchants still contained a large share in the trade, the period of 
growth had passed (Van Deursen 1993, 163-169). 
Despite the declining economy, the historic demography shows that  the population in 
Europe has risen during the 18th century. This meant a larger demand for alimentary 
supplies which in its turn meant the rise of the product prices, poverty, and 
unemployment. The fourth Anglo-Dutch war and its destruction of hundreds Dutch 
merchant ships brought a stop to the trading. The agriculture on the other hand was 
doing relatively well but wealth was a privilege of a small minority and the division 
between rich and poor became larger (Israel 1995, 1122-1131). 
Furthermore, Protestantism was still the general religion in the Dutch Republic. The 
Dutch Catholics however were still represented. Their religious lives took place in the 
margins of public life. Their inferior position certainly did not lead to peace and 
tranquility. (Israel 1995, 1019-1030; Van Deursen 1993, 153). 
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3.1.5. The 19th century, further decline 
During the 19th century, the Republic remained a small power facing difficulties such as 
the agricultural crisis. From 1845 until 1847, the potato harvest suffered a severe 
disease which had social implications. This was especially the case because the 
Netherlands concentrated on agriculture as well for its own provision as for the export. 
Agriculture was the most important source of wealth and lead to the division of farmers 
into different social classes (Blom 1993, 316). This was also the case for 
Middenbeemster. Different terms for farmers are known probably indicating the 
difference between the people who owned the land and those who worked it (Van 
Spelde 2011, 6). Although agriculture was important, the Netherlands was rather 
urbanized, but big cities such as elsewhere in Europe did not develop. While other 
countries such as England and Belgium, had an important part in the industrial 
revolution, the Netherlands did not take part in that revolution. The low amount of 
resources made the country unsuitable for the heavy industry (Blom 1993, 316). 
 
3.1.6. Summary 
The fraction between the Northern and the Southern Netherlands in 1579, established a 
Protestant Republic which became an economic superpower in the first half of the 17th 
century. It is in this prosperous period that the drainage of the Beemster lake took place. 
Despite its bloom in the so-called ‘Golden Age’, the republic declined during the 18th 
century. Agriculture has continuously played a fundamental role in the Netherlands. In 
the 19th century, agriculture was still one of the most important sectors, in 
Middenbeemster as well as in the whole of the Netherlands. However, due to the 
agricultural crisis in the 1840’s this decline of the Republic continued in the 19th century.  
 
 
3.2. Middenbeemster 
 
3.2.1. Introduction 
In the previous paragraphs a general picture of the main historical events in the 
Netherlands and their influence on Middenbeemster and the whole of the Republic was 
provided. Now Middenbeemster and its cemetery will be regarded in order to generate 
information about the organization and the structure of the cemetery. This might 
indicate whether kinship burial was a common practice in Middenbeemster or not. 
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3.2.2. The Beemster 
The Beemster polder is situated in the municipality of Middenbeemster, in the province 
of North-Holland, the Netherlands. The Netherlands are known for their lagoons which 
occupy large parts of the country. Because large areas of the Netherlands lie below sea 
level, up to 65% of the land would be covered by water. The Dutch however solved this 
problem by conducting draining works. These innovative and creative planning practices 
started from the 16th century onwards. This was due to the fact that the sea threatened 
to engulf large parts of the province of Holland which would expand the Beemster Lake. 
Next to this threat of flooding, there was a growing need for agricultural lands because 
of the needs of the expanding population at the beginning of the 17th century. For these 
reasons, the Dutch court granted permission to drain the Beemster Lake. The 
impoldering was carried out during a period of great economic prosperity, the so-called 
Dutch Golden Age and the initiative was taken by a number of wealthy regents and 
merchants from Amsterdam and the Hague. The drainage works took place from 1607 
until 1612 (online document from ICOMOS; online document from the ‘Rijksdienst voor 
Monumentenzorg’). 
Reclamation was technically possible due to the use of windmills. During these works, 
the polder was divided into a pattern of squares (fig.4). Roads and watercourses were at 
right angles with these squares. The squares themselves were subdivided into different 
lots, mostly accompanied by farmhouses and merchants country houses. These lots 
were leased to crop and cattle farmers. Five residential centers were originally planned 
for the Beemster but only three developed as such. Middenbeemster was situated at 
the intersection of the ‘Jisper’ road and the ‘Hobreder’ road in the middle of the 
Beemster (fig.4). Buildings were situated parallel along the roads and had a mainly 
residential function. The church and the cemetery were placed at the north of the 
intersection (Van Spelde 2010, 3). The kind of design followed in the Beemster had not 
been conducted before in such a manner and scale. It was therefore decided in 1999 
that the Beemster be acknowledged as a world heritage UNESCO site (online document 
from ICOMOS; online document from the ‘Rijksdienst voor Monumentenzorg’; United 
Nations Educational, scientific and Cultural Organization site). 
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Fig. 4. Map of Middenbeemster (Van Spelde 2011, 4). 
 
3.2.3. The archaeological site of Middenbeemster 
During the months June to August 2011, an archaeological excavation in 
Middenbeemster was carried out by the University of Leiden and the commercial 
archaeological company ‘Hollandia Archeologen’. The excavation covered an area of 550 
square meters next to the Protestant church. The area contained the cemetery of 
Middenbeemster which occupied approximately half of the investigated area (fig.5) (Van 
Spelde 2011, 2). The cemetery of Middenbeemster was in use from the completion of 
the church in 1623 until 1866, when the graveyard was abandoned in favor of a new 
area outside the center of Middenbeemster. The majority of excavated burials however 
date to the 19th century because the cemetery was largely cleared in 1829 (Van Spelde 
2011, 10). At the end of the project, approximately 450 skeletons were excavated. These 
remains were transferred to the Human Osteology Laboratory of the University of 
Leiden for future research (Van Spelde 2011, 2). 
 
Fig. 5. The cemetery of Middenbeemster. 
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3.2.4. The cemetery of Middenbeemster 
 
3.2.4.1. The religion 
Although the Low Countries were Catholic in the 16th century, the Northern Netherlands 
became protestant and the Southern Netherlands remained Catholic after they split up 
in 1579. The Reformed Church left only little space to religious minority groups such as 
the Catholic or the Jewish people. Middenbeemster was as most towns, protestant in its 
religious and funeral practices (Van Deursen 1993, 136-146). 
 
3.2.4.2. The burial places 
In each town or city there was a church and an according cemetery. The church and 
cemetery of Middenbeemster was situated North of the intersection of the two main 
roads who ran through the town. They were established at the beginning of the 17th 
century when the Beemster was drained and the town got built (Van Spelde 2011, 4). 
Burial places in the cemeteries of the 17th century were either bought or hired. Rented 
burial grounds were cleared out after a certain period. This however often happened 
without the knowledge of the persons who hired the grounds (Snoep 1980, 6). It is 
however not known how the clearing of the graves worked in Middenbeemster.  
At the beginning of the 19th century, several  churches and graveyards became crowded 
and there was a need for new spaces. In Middenbeemster, the burial records suggest 
that most of the cemetery was cleared in 1829. In 1866, the cemetery was abandoned  
for a new cemetery outside the center (Van Spelde 2011, 10). In the bigger cities, large 
burial grounds were constructed according to designed plans and layout. During this 
period several monumental family burial place arose within the new cemeteries (Snoep 
1980, 11). It is not known from the literature in which proportions family burials took 
place in the old cemetery of Middenbeemster. It might however be possible to detect 
this information in future research by analyzing the burial records which often mention 
the costs of the burial (Van Spelde 2011, 3). This sometimes includes the costs of the 
burial grounds which might indicate whether large family grounds were bought. 
 
3.2.4.3. Social implications and the organization of the burial 
Not only was money spent on the burial space, but also on other aspects of the funeral 
such as the coffin, the persons carrying the coffin, the clothing of the dead, the chariots, 
the church bells, the undertaker, etc. The funeral was a way in which the wealth and 
social position of the deceased and his or her family was displayed. The family finances 
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were therefore decisive for the burial organization. When the family of the deceased 
possessed enough money, an undertaker could be paid to take care of the arrangements  
(Snoep 1980, 5-6). When the deceased had been a member of a craft society however, 
the members took care of the funeral (Van Leeuwen 2012, 62). In the case of poor 
people there were certain regulations. When the family could not pay for the burial, the 
neighbors or the government were supposed to assist in the matters (Snoep 1980, 6). 
 
3.2.4.4. The registration of the dead; the parish records 
In order to avoid vagueness and errors concerning the registration of the dead, the city 
of Utrecht for example had clear regulations. The undertakers were obliged to report 
the amount of individuals they had buried on a weekly basis to the city hall. They had to 
report the name, surname, residence, date of death and the possession of the dead. The 
same information also had to be handed in by the family (Snoep 1980, 7). Interesting to 
notice is that Snoep (1980, 7) mentions that neighbors had to assist the family when 
they were not able to write. This might have led to several mistakes in the names of the 
deceased. Furthermore, also the gravediggers wrote down the name and surname of 
the deceased and the name of the undertaker when applicable. The information written 
down by the gravediggers of Middenbeemster are the burial records which are used for 
the correlation between the names of the dead and the excavated skeletons in order to 
detect who was related to who (fig. 6). This information would then be used to confirm 
or contradict the supposed family members as indicated by the analysis of the dental 
nonmetric traits and their burial customs. There are however several complications with 
these parish records (Archief van de Hervormde Gemeente Beemster, no. 19). 
First, there are several  surnames which are pronounced the same but are written in a 
different way. For example names such as ‘Ruijter’ and ‘Ruyter’ are listed. It might well 
be that these family names are actually the same and might therefore be related. This is 
however hard to determine. Another problem concerning the names in the death 
records is the popularity of certain Dutch names. ‘Trijntje’ for example, is one of the 
most common names. When such  a common surname occurs several times with the 
same family name, written the same or with a different spelling, this complicated the 
identification even more (Archief van de Hervormde Gemeente Beemster, no. 19). 
Secondly, the record is divided into twelve rows and thirteen columns in accordance 
with the rows of the cemetery. The horizontal rows were marked by a letter, the vertical 
rows by a number. Fig. 6 for example, concerns the area E 58. Some of these columns 
however are subdivided. Fig. 6 for example, shows four names, followed by a horizontal 
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line. Under this line, another three names are written down. It is most likely that these 
horizontal lines are indications that the area in the cemetery had been cleared out in 
order to create space for new burials. The uncertainty however is that it is difficult to tell 
if all the burials above the line have been cleared or just enough for the space that was 
needed. This might lead to the situation were for example three out of four burials are 
cleared out and the oldest burial is still present below the new graves (Archief van de 
Hervormde Gemeente Beemster, no. 19). 
Thirdly, the layout of the cemetery is problematic. The parish records describe the 
cemetery as 12 burial rows in breadth and 13 columns in length. The archaeological 
excavations on the other hand shows another reality. Instead of the 12 rows, there are 
often 11 or 13 ones excavated (fig. 7) (Archief van de Hervormde Gemeente Beemster, 
no. 19). 
 
 
Fig. 6. A part of the burial records, area E 58.
1
 
(Archief van de Hervormde Gemeente Beemster, no. 19). 
 
 
 
 
                                                          
1
 Photo taken by M. Hoogland. Copyright Osteological laboratory, Leiden University. 
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Fig. 7. The different rows of the cemetery 
 
 
At the beginning of this research, the parish records were thought to be a very 
promising contribution to this research. However, due to several problems, it has not 
yet been possible to make a correlation between the excavated individuals and the 
individuals from the records. Therefore, it was not possible to detect who was related to 
who and to use this information as a reflection on the validity of the research methods 
and the use of dental nonmetric traits for the determination of kinship. However, 
several individuals are still analyzing the parish records in order to find solutions for 
these problems so that the records might still be useful for future research. 
 
3.2.5. Summary 
The protestant church and cemetery of Middenbeemster were established at the 
beginning of the 17th century when the town was established after the drainage works 
of the Beemster lake. The majority of excavated burials date to the 19th century because 
the cemetery was largely cleared in 1829 and abandoned in 1866. No literature 
information is known about the presence or absence of family burials in 
Middenbeemster during the 19th century. Information on the family groups and the 
burial practices might be obtained through the parish records but unfortunately this is 
impossible at the moment because of several problems associated with these records. 
There are however prospects that these problems might be solved and that the records 
will be available for future research. 
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4.1. The sample 
 
In total, forty-seven individuals were analyzed for dental nonmetric traits. For most of 
them sex, age and pathology was determined (table 2). For four individuals however, 
that information could not be obtained. Excluding those cases, the sample consists of 
fourteen females, four probable females, fourteen individuals of unknown sex, one 
probable male and fourteen males. Eventually these five categories will be reduced to 
three. Females and probable females, and males and probable males will be classified 
into two groups. This is done because the classifications are subdivisions that belong to 
the same sex. This will also be more appropriate for conducting statistical tests. There 
are slightly more females (18 or 38.29%) than males (15 or 31.91%). The sex of fourteen 
(29.78%) of the individuals could not be determined because they were subadults, 
children-juveniles or adolescents.  
Most individuals have an age which falls in the categories early young adult (12 or 
25.53%) or late young adult (13 or 27.65%). Middle adult (8 or 17.2%) and adolescents (8 
or 17.02%) are also represented but in lower numbers. Furthermore, there are two 
children-juveniles present in the sample (4.25%). For these individuals only the 
permanent teeth were scored. The age classes containing mainly young and middle age 
adults is a result of the fact that individuals with less worn teeth were selected.  
Twenty-two individuals (46.80%) show signs of pathology. Several of those pathologies 
are related to the vertebrae: Schmorl’s nodes, depressions and extra bone formation on 
the vertebral bodies, scoliosis and abnormal curvature and extra vertebrae. Three 
individuals have an sixth lumbar vertebra of which one is fused. Furthermore, one case 
of tuberculosis and one case of osteomalacia are present. There is also one individual 
with slight bowing of the legs which may be rickets. Several other pathologies can be 
noticed, a bony protusion on the left tibia, premature suture closure, posterior 
plagiocephaly, a depression on the skull, osteoarthritis, new bone formation on the ribs, 
bathrocephally, and porosity on the roof orbits called cribra orbitalia. Only a serious 
congenital condition or a disease that occurred in early life such as tuberculosis or 
syphillis might result in changes to the teeth. A disease that occurred after the teeth had 
been fully formed therefore had no influence on their morphology. The information is 
therefore only useful for background about the individual. 
 
 
Table 2. The different individuals from the sample with reference to their sex, age and pathology. 
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4.2. Intra-observer error 
 
The teeth of twelve out of the forty-seven individuals (25%) were rescored to observe 
intra-observer error (table 3). When analyzing the original and second scorings (1 and 2 
in the table), there were some differences between them. 12/444 scorings or 2.70% 
revealed intra-observer error.  
The first area of difference concerns the grades of expression. A Carabelli’s cusp for 
example was the first time scored as a grade four, while the second time the trait was 
scored as a grade five. Although the presence of the different grades is mentioned as 
additional information, the nonmetric traits were finally documented as present or 
absent. Therefore, the small observation differences in grade expression had no 
influence on the results.  
The second area of difference could be seen at the ‘trait threshold’, the presence-
absence breakpoint. For traits such as the parastyle and the protostylid for example, a 
small pit in or near the buccal groove is scored as a grade one and therefore present. 
Also the ‘tuberculum dentale’ on UI1 was once scored as a grade one and once as 
absent. Such small occurrences are sometimes hard to distinguish. It was decided to 
include the second scorings in the results because those were performed at a later stage 
when the observers judgment and experience was thought to be better and therefore 
more correct.  
The third  area of difference is not mentioned in the literature. This concerns the state of 
erosion of the teeth. For several traits, the according area on the tooth was slightly 
damaged but could sometimes still be observed although in other cases that was not 
possible. Therefore, most intra-observer error in this sample occurs at this ‘erosion 
breakpoint’. Especially for the ‘labial curve’ on UI2, ‘shoveling’ on UI1 and LI1, ‘double 
shoveling’ on UI1 and the ‘mesial ridge’ on UC, and the D.A.R. on LC this was the case. 
It is most important to note that there is no major intra-observer difference between 
earlier and later scorings. The bias due to the learning process therefore was minimal. 
This might be due to the use of 3D reference plaques, clear descriptions, and illustrative 
material (Scott and Turner 1997; Turner et al. 1991), and the ability to ask the opinion of 
an experienced researcher, A.L. Waters-Rist.  
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Table 3. The intra-observer error. The colored squares indicate the occurrence of intra-observer error. 
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Trait 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 
Winging UI1 0 0 0 0 1 1 0 0 1 1 1 1 0 0 1 1 0 0 1 1 2 2 0 0 
Labial curve UI2 0 0 0 0 2 2 2 2 0 0 0 0 0 2 0 0 2 2 0 0 2 2 2 2 
Shovel UI1 0 0 0 2 2 2 0 0 2 2 0 0 2 2 0 0 2 2 2 2 2 2 2 2 
Double sh. UI1 0 0 0 0 2 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 2 2 2 
Inter. groove UI2  0 1 0 0 2 2 0 0 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 
Tub. dentale UI1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 2 2 0 0 
Mesial ridge UC 0 0 2 2 2 2 0 0 0 0 0 0 2 2 0 0 0 0 2 0 2 2 0 0 
D.A.R. UC 1 1 1 1 2 2 1 1 0 0 1 1 2 2 1 1 2 2 1 1 2 2 0 0 
M.&D. Cups UPM1 1 1 2 2 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 
Dist. ridge UPM1 0 0 2 2 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 
Abs. metacone UM1 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 2 2 0 0 0 0 0 0 
Abs. hypocone UM2 0 0 2 2 0 0 2 2 1 1 0 0 0 0 1 1 0 0 2 2 0 0 2 2 
Cusp 5 UM1 0 0 0 0 2 2 2 2 2 2 2 2 0 0 1 1 2 2 2 2 0 0 2 2 
Carabelli UM1 1 1 0 0 0 0 2 2 2 2 0 0 1 1 1 1 2 2 2 2 0 0 1 1 
Parastyle UM1 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 2 2 2 2 2 2 0 0 
Enamel ext. UM1 0 0 0 0 0 0 0 0 2 2 0 0 0 0 1 1 2 2 2 2 2 2 2 2 
2-rooted UPM1 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
3-roopted UM2 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Peg-shaped UM3 0 0 2 2 0 0 0 0 2 2 0 0 2 2 0 0 0 0 2 2 1 1 2 2 
Odontome UPM1 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Shovel LI1 0 2 0 0 2 2 2 2 0 0 0 0 2 2 0 0 2 2 2 2 2 2 2 0 
D.A.R. LC 2 2 2 2 2 2 2 2 0 0 0 0 2 2 0 0 2 2 2 0 2 2 0 0 
Ling. Cusps LPM1 1 1 2 2 2 2 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 0 0 
Groove pattern LM2 2 2 2 2 2 2 1 1 1 1 2 2 1 1 1 1 2 2 2 2 2 2 2 2 
Cusp number LM2 1 1 2 2 2 2 2 2 0 0 2 2 2 2 0 0 2 2 2 2 2 2 2 2 
Def. Wrinkle LM1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 0 0 2 2 2 2 2 2 2 2 
Protostylid LM1 2 2 2 2 0 0 1 0 2 2 0 0 2 2 1 1 2 2 2 2 1 1 1 1 
Cusp 5 LM1 1 1 2 2 1 1 1 1 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 
Cusp 6 LM1 2 2 2 2 2 2 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Cusp 7 LM1 2 2 2 2 2 2 0 0 2 2 0 0 2 2 0 0 2 2 2 2 0 0 0 0 
Enamel ext. LM1 2 2 2 2 0 0 0 0 2 2 0 0 2 2 0 0 2 2 2 2 0 0 0 0 
2-rooted LC 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 2 2 2 2 
Tome's root LPM1 0 0 2 2 2 2 2 2 2 2 0 0 2 2 0 2 2 2 2 2 0 0 2 2 
3-rooted LM1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
1-rooted LM2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Odontome LPM1 0 0 2 2 2 2 0 0 0 0 0 0 2 2 0 0 2 2 0 0 2 2 2 2 
Ant.Fovea LM1 1 2 2 2 2 2 0 0 2 2 2 2 2 2 0 0 2 2 2 2 0 0 0 0 
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4.3. The nonmetric traits 
 
4.3.1. Introduction  
 
In total thirty-six dental nonmetric traits were scored on the Middenbeemster sample, 
twenty on the maxillary teeth and sixteen on the mandibular teeth. Individuals 
contained minimally one trait and maximal fourteen traits. Each trait will be discussed 
below for their presence within the sample. 
First, each trait will be introduced by a short description of its characteristics. Those 
definitions and descriptions are derived from Turner et al. 1991, 13-31 and Scott and 
Turner 1997, 15-73. Secondly, the breakpoint for each trait will be mentioned. This is the 
point at which a trait is considered present. For example, shovel shaped teeth are 
considered present when they express a grade three, while cusp 5 is considered present 
at grade one. In the discussion chapter, the occurrence of dental nonmetric traits in the 
Middenbeemster sample will be compared with the trait variation of Eurasia as 
described by Scott and Turner 1997, 165-242. In order to compare both results, the 
same breakpoints have to be used. All breakpoints demarcated with an asterix * are the 
same ones used by Scott and Turner. Other traits for which there was no information 
available, have been assigned a breakpoint as much as possible in accordance with the 
work of Scott and Turner in order to obtain coherent results.  
For every individual it is presented whether the trait is present, absent, or not 
observable. When one of the observed teeth expresses the trait at the breakpoint, it is 
scored as present. When none of the observed teeth express the trait, it is scored as 
absent. When the traits are scored as absent on one teeth and unidentifiable on 
another, the trait is finally classified as unidentifiable. Percentages are calculated using 
the traits scored as present and as absent. Unidentifiable scorings are not considered 
because it is not known which traits they might have possessed. 
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4.3.2. Results 
 
MAXILLA 
 
Winging 
Winging is characterized by the (bi)lateral mesiolingual rotation of the distal margins of 
the central upper incisors (I1), so that from an incisal view, the incisors have a v-shape. 
Breakpoint*: grade 1; (bi)lateral winging. 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Present         1       1     1 1   1             1       
Absent 1 1 1 1     1             1 
 
1 1 1   1 1   1     
Unidentifiable           1   1   1 1               1         1 1 
 
 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Total % 
Present         
 
1  1    
 
    
  
1  1 1        1    
 
 12 35.29 
Absent 1 1 1 1 1    
 
1          1  
 
  
 
1 1   
 
1    22  64.70 
Unidentifiable           
 
  
 
1  1 1 1              1     1   13 / 
 
Of the 12/34 individuals (35.29%) scored positive for winging, 8/34 (23.52%) had 
counter winging due to a distolingual instead of a mesiolingual rotation of the teeth. 
22/34 individuals did not have either form of winging.  
 
 
Labial curve 
The labial surface of the upper incisors (I1 and I2), when viewed from the occlusal 
aspect, can range from being essentially flat to showing a marked degree of convexity. 
Breakpoint: grade three on UI2; labial surface exhibits moderate convexity. 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Present         
 
      
 
    
  
 1 1         1    
 
      
Absent 1 1 1 
 
    
 
  1      1  1  
     
  
 
1 1 
 
    
Unidentifiable        1 1  1 1  1   1 1         1  1  1  1       1  1 1 
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26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Total % 
Present         
 
      
 
    
  
  1             
 
4   17.39 
Absent 
   
1 1  1  1   1    1  1    1   1 
 
1 1  
  
  19  82.60 
Unidentifiable 1  1  1      
 
  1   1 
 
  1        1    
 
1  1  1  24 / 
 
As a proportion of observable individuals 4/23 (17.39%) had a labial curvature of a grade 
3 for the upper second incisor. No higher grades were encountered. 19/23 individuals 
(82.60) were scored absent for the trait. Although some teeth were given a score 0, 
most individuals expressed very slight forms of a labial curvature, a grade 1 or 2, which is 
below the breakpoint. There is however not much difference between these slight forms 
of labial curvature which can essentially be considered as flat. Therefore the breakpoint 
of grade 3, as advised by Scott and Turner (1997),  is the most appropriate way to score 
the labial curve as absent or present. 
 
 
Shovel 
The distinguishing feature of this trait is the presence of mesial and distal marginal 
ridges on the lingual surface of the upper incisors (I1 and I2) and canines. In a shovel 
shaped tooth, the marginal ridges extend from the incisal edge to the basal eminence. 
Breakpoint*: grade three on UI1; strong ridging is present and there is a tendency for  
                         ridge convergence at the cingulum. 
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1  1 
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  1  1  30 / 
 
The considerations made for the labial curvature are also applicable for shoveling. 
Several individuals expressed a grade 1 or 2 while only 3/17 individuals (17.64%) scored 
a grade 3 expression. No teeth were scored as having a higher grade. 14/17 individuals 
did not express shoveling on their upper central insicor. 
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Double shovel 
In contrast with shoveling, double shoveling refers to the development of mesial and 
distal ridges on the labial surface of the incisors (I1 and I2), canines and first premolars. 
Breakpoint*: grade two on UI1; trace of ridging.  
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Double shoveling was not found on the upper central incisors of 25 observable 
individuals. 
 
 
Interrupting groove 
These developmental grooves are expressed on the  cingulum and lingual aspect of the 
incisors (I1 and I2) roots. 
Breakpoint*: grade one on UI2; an interruption groove occurs on the mesiolingual 
and/or distolingual border or in the medial area of the cingulum.          
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  1  1       1      1   
 
1 
 
  
  
   16 59.25 
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  1 
 
  1     1 1      1  1 1  1  20 / 
 
11/27 (40.74%) of the individuals had an interrupting groove on the UI2. Different 
appearances of the groove were seen. Most individuals (10/27) had a medial 
interrupting groove. 1/27 had both mesial and distal grooves, and 1/27 had a mesial 
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groove. The grooves vary from small interruptions of three millimeters to larger lines of 
five millimeters. In 16/27 individuals (59.25%) the trait was absent. 
 
 
Tuberculum dentale 
These cingular derivatives are expressed on the lingual surfaces of the upper anterior 
teeth, the incisors (I1 and I2) and the canines, as ridges and/or tubercles. 
Breakpoint: grade one on UI1: faint ridging. 
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17/30 individuals (56.66%) scored positive for the tuberculum dentale on the upper 
central incisors. For 13/30 individuals (43.33%) the trait was scored as absent. 
 
 
Mesial ridge 
The mesial canine ridge or Bushman canine is a feature of the upper canines whereby 
the tuberculum dentale coalesces with the mesial lingual ridge. 
Breakpoint*: grade one; mesiolingual ridge is  larger than the distolingual and is  
                         moderately attached to the tuberculum dentale. 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Present         
 
      
 
    
  
  
 
            
 
      
Absent 1 1 
  
    1   1      1  1  1 1 1 1 
 
 1 1 1 1  
 
    
Unidentifiable      1 1  1  1   1   1 1             1  
 
      1  1 1 
 
 
 
 
44 
 
 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Total % 
Present         
 
      
 
    
  
  
 
            
 
0   0 
Absent 1 
  
1  1 1  1 1    1    1    1 1  
 
1 1   
 
1   27  100 
Unidentifiable   1  1      
 
  
 
1  
 
1   1      1      1 1    1  20 / 
 
The mesial ridge was absent on the upper canines of the 27 individuals that were 
observed. 
 
 
Distal accessory ridge 
The lingual surface of the upper canines commonly exhibit median and distal marginal 
ridges. Between the median ridge and the distal marginal ridge is a polymorphic feature 
referred to as the distal accessory ridge or DAR. 
Breakpoint: grade one; DAR is very faint. 
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16/33 individuals (48.48%) scored positive for the distal accessory ridge. Most 
individuals (10/33 or 30.30%) expressed a grade 1 or 2. 4/33 individuals (12.12%) had a 
grade 3 or 4 and 2/33 (6.06%) individuals had a large ridge, scored as a grade 5. 
 
 
Mesial and distal cusps 
The sagittal sulcus of the upper premolars often bifurcates as it approaches the mesial 
and/or distal marginal ridge complex. When the bifurcation involves two deep margin-
segmental grooves, the result is a bulge or free standing accessory cusp. A premolar can 
both express a mesial and a distal cusp. This nonmetric trait is one of the few traits for 
which there is no 3D reference plaque available.  
Breakpoint: grade one on UPM1; mesial and/or distal cusps are present. 
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5/30 individuals (16.66%) scored positive for the trait while in 25/30 individuals (83.33%) 
the trait was absent. 
 
 
Distosagital ridge 
The distosagital ridge or Uto-Aztecan upper premolars are distinguished by exaggerated 
distobuccal rotation of the paracone in combination with the presence of a fossa. 
Breakpoint: grade one on UPM1; distosagital ridge is present. 
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In a sample of 29 individuals no examples of the distosagital ridge were found on the 
upper first premolars. 
 
 
Absence of the metacone 
The metacone, distobuccal cusp or cusp tree of the upper molars can be reduced or 
absent. 
Breakpoint: grade zero on UM1; metacone is absent and grade one; an attached ridge is  
                      present at the metacone site but there is no free apex. 
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Out of 29 individuals observed for the absence of the metacone on the upper first 
molar, none of the individuals scored positive. 
 
 
Absence of the hypocone 
The hypocone, distolingual cusp or cusp four of the upper molars is the cusp most often 
reduced in size and even lost in the later stages of hominid evolution. 
Breakpoint*: grade one (and lower) on UM2; faint ridging present at the site. 
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15/26 individuals (57.69%) had a reduced or absent hypocone on the upper second 
molar. In 11/26 individuals (42.30%), the hypocone was present. 
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Cusp 5 
This trait can be observed as an occlusal tubercle on the distal marginal ridge of the 
upper molars. It is positioned between the metacone and the hypocone. It can have a 
rounded or more triangular expression.  
Breakpoint*: grade one on UM1; faint capsule is present. 
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5/22 (22.72%) individuals had a cusp 5 on the upper first molar while 17/22 (77.27%) did 
not. Of those individuals, 3/22 (13.63%) had small cups 5’s correlated with a grade 1 and 
2/22 (9.09%) expressed a grade 2 or 3 indicating larger cusps. No individuals were 
scored as having extremely large cusps scored as a grade 4, 5 or 6. 
 
 
Carabelli’s trait 
Carabelli’s trait is one of the most studied nonmetric traits. It is characterized by a 
cingular derivative expressed on the mesiolingual or lingual aspect of the protocone of 
the upper molars. The eight grade scale indicates the wide range in degrees of trait 
presence varying from small grooves to large tubercles. 
Breakpoint*: grade five on UM1; a small cusp without a free apex occurs. 
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Carabelli’s cusp on the upper first molar was present in 10/25 individuals (40%). 15/25 
individuals (60%) did not expressed the trait. 
 
 
Parastyle 
This trait is a cingulum derivative expressed on the buccal surface of the paracone of the 
upper molars. It can also be expressed on the metacone of the upper molars and can 
have its own root. 
Breakpoint: grade one on UM1; a pit is present in or near the buccal groove between  
                      cusp 2 and 3. 
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The trait was absent on the upper first molar in eighteen observable individuals. 
 
 
Enamel extension 
Enamel extensions are defined by contours of the cervical enamel line. The normative 
form of the cervical enamel line on the lingual and buccal surfaces of the molar crown is 
horizontal. An enamel extension is distinguished as a line directly apical towards the 
bifurcation of the roots on the premolars and molars.  
Breakpoint*: grade two on UM1; a medium-sized, approximately 2.0 mm long extension  
                         is present. 
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Out of 22 observable individuals only one had an enamel extension of grade two on the 
upper first molar. 
 
One of the individuals, MB11S370V0806 has an enamel pearl on the lingual side of the 
second left upper molar. Enamel pearls are small spherical masses of enamel associated 
with enamel extensions. They are situated at the point where the roots bifurcate. The 
pearls may or may not be in direct contact with the tip of the enamel extension. 
Although this is an interesting fact to mention, the pearl was not situated on the upper 
first molar and therefore not included in this analysis. 
 
 
Root number premolars 
The upper premolars are usually single-rooted. When two roots are present there is 
normally a buccal and a lingual root. Multiple roots are often seen on the first premolar. 
Breakpoint*: 2-rooted upper first premolars 
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Only a small number of individuals could be observed for 2-rooted first premolars. In 5/7 
(71.42%) of these individuals, the trait was scored as present while for 2/7 (28.57%) the 
trait was scored as absent. 
 
 
Root number second molars 
The greatest variation in root number occurs in the second upper molar. Variation from 
the norm for upper molar root number is not the presence of divided roots but the 
absence of one or two root bifurcations. 
Breakpoint*: 3-rooted upper second molar. 
 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Present         1       
 
    
  
  
 
            
 
      
Absent 
    
    
 
            
     
  
  
  
 
    
Unidentifiable  1  1 1  1    1  1 1 1  1 1 1  1  1  1  1  1  1  1  1  1  1  1 1 1 
 
 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Total % 
Present     1    
 
      
 
    
  
 1 
 
            
 
3  100 
Absent 
    
    
 
            
     
  
  
   0  0 
Unidentifiable  1  1   1  1  1  1 1 1  1 1 1  1  
 
1  1  1  1  1  1  1  1 44 / 
 
Unfortunately, not enough roots could be observed in order to investigate the presence 
of this trait within the sample. However, for the three observed roots, the trait was each 
time present. In future research it would be beneficial to use x-rays in order to enlarge 
the sample size when studying tooth roots.  
 
 
Peg-shaped 
The second incisors and the third molars can be peg-shaped which means that the tooth 
is very reduced in size and lacks the normal crown morphology. 
Breakpoint: grade two on UM3; the teeth are peg shaped. 
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1/45 individual (6.66%), S304V0493, scored positive for peg-shaped third molars. The 
molars were lost post mortem but the presence of the trait could be determined by 
looking at the size and form of the sockets. Another individual (S236V0335) had third 
molars which were reduced in size but still obtained their normal morphology and were 
therefore scored as a grade one which is below the breakpoint. In 14/15 individuals 
(93.33%), the trait was scored as absent. 
 
Odontome 
This trait takes the form of a cone-like projection that emanates from the median 
occlusal ridge of the buccal cusp of the premolars. 
Breakpoint*: grade one on UP1; odontome is present. 
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In the 34 observable individuals with upper first premolars, the trait was scored as 
absent. 
 
Congenital absence 
Second incisors, second premolars, and the third molars can be congenitally absent. This 
trait can be observed in adults older than 17-20 years. Otherwise is not certain whether 
the third molars cannot be identified due to congenital absence or the fact that they are 
not yet erupted. The use of x-rays could be a solution to investigate the absence of the 
third molars. Unfortunately this was not possible in this research and therefore, 
congenital absence is not included in these results. 
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MANDIBLE 
 
Shovel 
The scoring of shovel shaped teeth on the mandible uses the same definition and 
characteristics as on the maxilla. However, for the lower teeth, only the incisors (I1 and  
I2) are scored.  
Breakpoint*: grade three on LI1; strong ridging is present and there is a tendency for  
                         ridge convergence at the cingulum.    
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Out of sixteen observable individuals, none expressed shoveling of the lower first 
incisors. 
 
 
Distal accessory ridge 
Like shoveling, the distal accessory ridge, DAR, uses the same definitions and 
characteristics as the scoring of the DAR on the upper canines. 
Breakpoint: grade one; DAR is very faint. 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Present         
 
      
 
    
  
  
 
            
 
1      
Absent 
 
1 
  
    
 
 1 1  1    1  1  1 1 
 
1 
 
  1 1 1  
 
    
Unidentifiable 1     1 1  1  1  1 
 
  
 
1       
 
1    1  1   
 
    1 1 
 
 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Total % 
Present         
 
      
 
    
 
1 1  
 
            
 
3   14.28 
Absent 
    
1    1     1   1   
 
  1 1 
 
  
  
  18  85.71 
Unidentifiable  1 1  1  1    1   1 1  
 
1       1      1 1 1  1  1 26     / 
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The 3/21 (14.28%) distal accessory ridges scored as present on the mandibular teeth had 
all three low scores (1 and 2), indicating small ridges. In 18/21 individuals (85.71%), the 
distal accessory ridge was absent. 
 
 
Lingual cusps 
Various procedures have been developed to classify the considerable variation in lower 
premolar crowns. The trait is scored by comparing the size of the mesial and distal 
cusps. This could result in the mesial cusp being, a lot larger, larger or equal to, smaller 
or a lot smaller than the distal cusp. 
Breakpoint: grade one on LPM1; lingual cusps are present. 
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13/35 individuals had lingual cusps on their first lower premolars. 22/35 did not express 
the trait. 
 
 
Groove pattern 
The groove pattern of the lower molars is determined by occlusal groove configuration 
and the manner in which the major cusps of the lower molars come in contact at the 
central fossa. 
Breakpoint*: y-pattern on LM2; cusp 2 and 3 are in contact. 
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22/24 individuals (91.66%) expressed an y-pattern on their second lower molar. This 
pattern was often present on one of both molars. When only one molar expressed an y-
pattern, the other molar often had a x-pattern (seven individuals or 29.16%), an +-
pattern (three individuals or 12.50%), or was unidentifiable (eight individuals or 33.33%). 
Only four individuals (16.66%) had an y-pattern on both second molars. 2/22 individuals 
(8.33%) did not have an y-pattern on either of their molars. 
 
 
Cusp number 
For the scoring of the lower molar cusp number there is no 3D reference plaque. Cusp 
numbers are scored regardless of size, except for cusp 7, which is according to Turner et 
al. 1991 and Scott and Turner 1997, not included in this count. 
Breakpoint: grade five on LM2; cusp 5 is present and grade six on LM2; cusp 6 is present. 
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3/19 individuals (15.78%) had cusp 5 on their lower second molar. Only one of them also 
had a cusp 6. 16/19 individuals (84.21%) had no supernumerary cusp.  
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Deflecting wrinkle 
The median occlusal ridge of the metaconid often follows a straight course from the 
cusp tip to the central fossa of the lower first molar. In the case of a deflecting wrinkle 
however, this ridge exhibits an angulation. 
Breakpoint: grade three on LM1; medial ridge is deflected distally forming an L-shaped  
                       ridge. The medial ridge contacts cusp 4. 
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8/13 individuals (61.53%) scored positive for the deflecting wrinkle. 5/13 (38.46%) did 
not. 
 
 
Protostylid 
This cingulum derivative is expressed on the buccal surface of the protoconid of the 
lower molars. 
Breakpoint: grade one on LM1; a pit occurs in the buccal groove. 
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For 14/27 individuals (51.85%) the protostylid was scored as present. It is interesting to 
notice that all fourteen individuals express a grade 1. This clearly shows that the 
breakpoint has a large influence on the results. For 13/27 individuals (48.14%) the trait 
was scored as absent. 
 
 
Cusp 5 
The scoring of cusp 5 on the lower teeth uses the same definitions and descriptions used 
as for the upper molars. 
Breakpoint*: grade one on LM1; cusp 5 is present and very small. 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Present  1      1 1    1   
 
 1   1 1 1  1             
 
     1 
Absent 
    
    
 
            
     
 1 
  
  
 
    
Unidentifiable   1  1      1   1 1  
 
1       
 
1  1  1  
 
 1 1 1  1  1 
 
 
 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Total % 
Present   1    1  1       
 
1    
 
1   1     1        
 
17   85 
Absent 
    
    
 
1        
 
  
 
  1 
  
  
  
  3 15  
Unidentifiable 1     1     1 1  
 
1  
 
1 1    1      1  
 
1  1 1  1 27     / 
 
17/20 individuals (85%) expressed a cusp 5 on the lower first molar while 3/20 (15%) did 
not. The presence of cusp 5 is represented by large scores. The cusp 5 of sixteen 
individuals was scored as a grade 3 or 4 and in one individual as a grade 6. 
 
 
Cusp 6 
This supernumerary cusp is positioned on the distal aspect on the lower molars between 
the hypoconulid and entoconid. Cusp 6 occurs lingual to cusp 5. 
Breakpoint*: grade one on LM1; cusp 6 is much smaller than cusp 5. 
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1/18 individuals (5.55%) had a cusp 6 on the lower first molar. 17/18 (94.44%) did not. 
 
 
Cusp 7 
This supernumerary cusp is expressed between the metaconid and entoconid of the 
lower molars 
Breakpoint*: grade one on LM1; faint cusp is present. 
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Cusp 7 on the lower first molar occurs in 3/20 individuals (15%). All three individuals are 
characterized by small cusps scored as a grade 1. 17/20 (85%) individuals did not have a 
cusp 7. 
 
 
Enamel extension 
The scoring of enamel extension on the lower premolars and molars uses the same 
definitions and characteristics as the scoring of the trait on the upper teeth. 
Breakpoint*: grade two on LM1; a medium-sized, approximately 2.0 mm long extension  
                         is present.        
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The enamel extension on the lower first molar occurs in 1/23 individuals (4.34%) and is 
absent in 21/23 individuals (95.65%).  
 
 
Root number canines 
The lower canines can have two roots instead of one. 
Breakpoint*: 2-rooted lower canines. 
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A low number of only eight individuals could be observed for 2-rooted lower canines 
and none of the individuals expressed the trait. 
 
 
Tome’s root 
The mesial root surface of the lower first premolar can be deeply grooved and can result 
in a double instead of a single root. 
Breakpoint*: grade four; developmental grooving is deeply invaginated on both the  
                         mesial and distal borders. 
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Eleven individuals were observable for Tome’s root but the trait was not scored as 
present. 
 
 
Root number first molars 
This trait reflects the presence of a supernumerary root lingual to the distal root 
component of the lower third molar. 
Breakpoint*: 3-rooted lower first molar. 
 
No table has been produced for this trait because it was unobservable in all lower first 
molars. 
 
 
Root number second molars 
The normative root number for the lower second molar is two. One rooted lower molars 
result from incomplete separation of the mesial and distal root components. 
Breakpoint*: 1-rooted lower second molar. 
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Only one individual could be observed for this trait and scored as present. 
 
Odontome 
The scoring of the odontome on the lower premolars uses the same definitions and 
characteristics as the scoring of the trait on the upper teeth. 
Breakpoint*: grade one on LPM1; odontome is present. 
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In 34 observable individuals with lower first premolars, the trait was not present. 
 
 
Anterior fovea 
On the lower first molar, the groove separating the protoconid and metaconid may run 
an uninterrupted course from the central fossa to the mesial marginal ridge complex. In 
some case however, there is a deep triangular depression distal to the mesial marginal 
ridge.  
Breakpoint: grade two on LM1; a large ridge connects the mesial aspects of cusp 1 and 2  
                      resulting in a deep groove. 
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The anterior fovea is present on the lower first molar of 1/16 individuals (6.25%). 
 
 
Congenital absence 
The scoring of the congenital absence of the lower premolars uses the same definitions 
and characteristics as the scoring of the trait on the upper teeth. However, the scoring is 
also done on the second premolars and the third molars and the second incisor. 
Breakpoint: grade one; teeth are congenital absent. 
 
No table is produced because the scoring of congenital absence on the mandibular teeth 
encounters the same limitations as on the maxillary teeth.  
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4.3.3. Summary 
 
The presence of the dental nonmetric traits within the Middenbeemster sample can be 
divided into eight main categories (table 4). 
The first category contains the traits which were not observable in the sample. 
This includes ‘congenital absence’ of the UM3 and LM3 and the 3-rooted LM1. 
The second category includes the traits which are absent is the sample. This 
includes ‘double shovel’ on UI1 (0/25), the ‘mesial ridge’ on UC (0/27), the ‘distosaggital 
ridge’ on UPM1 (0/29), the ‘absence of the metacone’ on UM1 (0/29), the ‘parastyle’ on 
UM1 (0/18), the ‘odontome’ on UPM1 (0/34), ‘shovel’ on LI1 (0/16), ‘2-rooted LC’ (0/8), 
‘Tome’s roots’ on LPM1 (0/11), and the ‘odontome’ on LPM1 (0/34).  
The third category contains traits with a presence lower than 10%. This includes 
the ‘enamel extensions’ on UM1 (1/22 or 4.54%), ‘peg-shaped’ UM3 (1/15 or 6.66%), 
‘cusp 6’ on LM1 (1/18 or 5.55%), ‘enamel extension’ on LM1 (1/23 or 4.34%), and the 
‘anterior fovea’ on LM1 (1/16 or 6.25%). 
The fourth category contains the traits with a presence from 11 to 30%. This 
includes the ‘labial curve’ on UI2 (4/23 or 17.39%), ‘shoveling’ on UI1 (3/17 or 17.64%), 
the ‘mesial and distal cusps’ on UPM1 (5/30 or 16.66%), ‘cusp 5’ on UM1 (5/22 or 
22.72%), ‘D.A.R.’ on LC (3/21 or 14.28%), the ‘cusp number’ on LM2 (3/19 or 15.78%), 
and ‘cusp 7’ on LM1 (3/20 or 15%). 
The fifth category contains traits with a presence from 31 to 50%. This includes 
‘winging’ on UI1 (12/34 or 35.29%), the ‘interruption groove’ on UI2 (11/27 or 40.74%), 
the ‘D.A.R.’ on UC (16/33 or 48.48%), ‘Carabelli’s’ trait on UM1 (10/25 or 40%), and the 
‘lingual cusps’ on LPM1 (13/25 or 37.14%). 
The sixth category contains traits with a presence from 51 to 70%. This includes 
the ‘tuberculum dentale’ on UI1 (17/30 or 56.66%), the ‘absence of the hypocone’ on 
UM1 (15/26 or 57.69%), the ‘deflecting wrinkle’ on LM1 (8/13 or 61.53%), and the 
‘protostylid’ on LM1 (14/27 or 85%). 
The seventh category contains traits with a presence from 71 to 90%. This 
includes ‘2-rooted PM1’ (5/7 or 71.42%), and ‘cusp 5’ on LM1 (17/20 or 85%). 
The eighth category contains traits with a presence higher than 91%. This 
includes ‘3-rooted UM2’ (3/3 or 100%), the ‘groove pattern’ on LM2 (22/24 or 91.66%), 
and the ‘1-rooted LM2’ (1/1 or 100%). The high percentage of the ‘3-rooted UM2’ and 
‘1-rooted LM2’ is due to the fact that only a small number could be observed.           
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Table 4. An overview of dental nonmetric trait frequency in the Middenbeemster sample 
 
Trait # 
not 
obs. 
0% < 10% 11-30% 31-50% 51-70% 71-90% >90% 
MAXILLA                   
Winging UI1 12/24         35.29%       
Labial curve UI2 4/23       17.39%         
Shovel UI1 3/17       17.64%         
Double shovel UI1 0/25   0%             
Interrupting groove UI2  11/27         40.74%       
Tuberculum dentale UI1 17/30           56.66%     
Mesial ridge UC 0/27   0%             
D.A.R. UC 16/33         48.48%       
Mes.&Dist. Cups UPM1 5/30       16.66%   
      
Distosaggital ridge UPM1 0/29   0%             
Absence metacone UM1 0/29   0%             
Absence hypocone UM2 15/26           57.69     
Cusp 5 UM1 5/22       22.72%         
Carabelli UM1 10/25         40%       
Parastyle UM1 0/18   0%             
Enamel ext. UM1 1/22     4.54           
2-rooted PM1 5/7             71.42%   
3-rooted UM2 3/3               100% 
Peg-shaped UM3 1/15     6.66%           
Odontome UPM1 0/34   0%             
Cong. Absence UM3 / x               
MANDIBLE                   
Shovel LI1  0/16   0%             
D.A.R. LC  3/21       14.28%         
Ling. Cusps LPM1  13/35         37.14%       
Groove pattern LM2  22/24               91.66% 
Cusp # LM2  3/19       15.78%         
Def. Wrinkle LM1  8/13           61.53%     
Protostylid LM1  14/27           51.85%     
Cusp 5 LM1  17/20             85%   
Cusp 6 LM1 1/18     5.55%           
Cusp 7 LM1 3/20       15%         
Enamel ext. LM1  1/23      4.34%           
2-rooted C  0/8    0%             
Tome's root LPM1  0/11   0%             
3-rooted LM1  / x               
1-rooted LM2  1/1               100% 
Odontome LPM1  0/34    0%             
Ant.Fovea LM1  1/16     6.25%           
Cong. Absence LM3  / x               
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4.4 The statistical tests 
 
4.4.1. Intertrait correlation 
 
4.4.1.1. Introduction 
Interrelationship or intertrait correlation can exist between different dental 
nonmetric traits. This can be tested using a wide  array of correlations methods. 
In this research the Phi coefficient was conducted using the statistical SPSS 
software. The Phi coefficient is a measure of the degree of association between 
two binary variables. When the significance of Phi is <0.05, the correlation is 
assumed to be positive. Table was created to show these results (table 5 – see 
Appendix 1). 
 
4.4.1.2. The statistical results 
For some traits, no statistical tests could be conducted. This has two reasons. Firstly, 
some traits were not present in the sample (not included in table 5 – see appendix 1). 
This was the case for ‘double shovel’ on UI1, the ‘mesial ridge’ on UC, the ‘distosaggital 
ridge’ on UPM1, the ‘absence of the metacone’ on UM1, the ‘parastyle’ on UM1, the 
‘odontome’ on UPM1, ‘shovel’ on LI1, ‘2-rooted LC’, ‘Tome’s roots’ on LPM1, and the 
‘odontome’ on LPM1. Other traits, such as ‘congenital absence’ on the UM3, and LM3 
and the 3-rooted LM1, could not be observed. Secondly, some traits did occur in the 
sample but there was no correlation with other traits (empty squares in table 5 – see 
appendix 1). 
For the other traits, eleven statistical significant correlations were found. These 
correlations can all be grouped in the third class; different traits on different teeth. This 
includes mesial and distal cusps on UPM1 and the interrupting groove on UI2, mesial 
and distal cusps on UPM1 and cusp 7 on LM1, D.A.R. on UC and cusp 2 on LM1, D.A.R. 
on UC and shoveling on UI1, Shoveling on UI1 and enamel extension on LM1, enamel 
extension on LM1 and cusp number on LM2, enamel extension on LM1 and D.A.R. on LC, 
cusp number on LPM1 and tuberculum dentale on UI1, and lingual cusps on LPM1 and 
groove pattern on LM2. No positive correlations were found for the first class; different 
traits on the same teeth, or the second class; same traits on different teeth. 
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4.4.1.3. Summary 
Within the Middenbeemster sample, analysis revealed eleven statistically significant 
dental nonmetric trait correlations (table 6). This included ‘Mesial and distal cusps’ on 
UPM1 and the ‘Interrupting groove on UI2’, ‘mesial and distal cusps’ on UPM1 and ‘cusp 
7’ on LM1, ‘distal accessory ridge’ on UC and ‘cusp 5’ on LM1, ‘distal accessory ridge’ on 
UC and ‘shoveling’ on UI1, ‘shoveling’ on UI1 and ‘cusp number’ on LM2, ‘shoveling’ on 
UI1 and ‘enamel extension’ on LM1, ‘enamel extension’ on LM1 and ‘cusp number’ on 
LM2, ‘enamel extension’ on LM1 and ‘distal accessory ridge’ on LC, ‘cusp number’ on 
LM2 and ‘distal accessory ridge’ on LC, ‘lingual cusps’ on LPM1 and ‘tuberculum dentale’ 
on UI1, and ‘lingual cusps’ on LPM1 and ‘groove pattern’ on LM2. 
 
Table 6. Statistical significant intertrait correlations in the Middenbeemster sample 
 
First class: 
Different traits on 
the same teeth 
Second class: 
Same trait on 
different teeth 
Third class: Different traits on different teeth Phi value Significance 
None None Mesial&Distal cusps UPM1 - Interrupting groove UI2 0.514 0.021 
    Mesial&distal cusps UPM1 - Cusp 7 LM1 0.677 0.015 
    D.A.R. UC - Cusp 5 LM1 0.632 0.028 
    D.A.R. UC - Shoveling UI1 0.770 0.011 
    Shoveling UI1 - Cusp number LM2  0.770 0.008 
    Shoveling UI1 - Enamel extension LM1  0.667 0.035 
    Enamel extension LM1 - Cusp number LM2 0.667 0.035 
    Enamel extension LM1 - D.A.R. LC 0.667 0.035 
    Cusp number LM2 - D.A.R. LC 1.000 0.002 
    Lingual cusps LPM1 - Tuberculum dentale UI1 0.486 0.017 
    Lingual cusps LPM1 - Groove pattern LM2 -0.674 0.02 
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4.4.2. Correlation between sex and the different traits 
 
4.4.2.1. Introduction 
In order to determine whether the presence or absence of certain traits occurs more in 
males or females, statistical test were conducted. For N equal or smaller than ten, the 
nonparametric Mann-Whitney U test was performed. For a N higher than ten, the 
independent sample t-test was performed. The following tables present the results of 
these tests. The first column indicates the trait that is tested, the second reports which 
test was used and what the according values are. 
For some traits, statistical tests could not be conducted. This is because some traits 
were absent in the sample. This concerns ‘double shoveling’ on UI1, the ‘mesial ridge’ on 
UC, the ‘distosaggital ridge’ on UPM1, the ‘absence of the metacone’on UM1, the 
‘parastyle’ on UM1, the ‘odontome’ on UPM1, ‘shoveling’ on LI1, ‘2-rooted LC’, ‘Tome’s 
root’ on LPM1 and the ‘odontome’ on LPM1. Other traits such as ‘congenital absence’ 
on UM3 and LM3 and ‘3-rooted LM1’ were not observable. Still others such as ‘3-rooted 
UM2’ and ‘1-rooted LM2’ were constants. This means that the trait was present in all 
the observed individuals and therefore no statistical analysis was possible. 
 
4.4.2.2. The statistical results 
The results of the statistical tests can be found in table 7 in Appendix 1. 
In all the statistical tests conducted, only ‘cusp number’ on the lower second molar 
showed a statistical difference (2-tailed sig. of 0.033 for the Mann-Whitney U test) 
between the sexes. This trait was present in two males and one indeterminate individual 
and absent in one male, six females and nine indeterminate individuals. Therefore the 
cusp number with a breakpoint of grade five on LM2 is only observed in males. The 
amount of two males however is not reliable to draw conclusions.  
 
4.4.2.3. Summary 
Of all the traits, only the ‘cusp number’ on the LM2 occurred only in males. This however 
were only two males and the statistical results are therefore not reliable to draw 
conclusions. Future research of a larger sample however might confirm or reject this 
indication. 
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4.5. The Middenbeemster dental nonmetric traits and the Eurasian complex 
 
4.5.1.Introduction  
After collecting data on nonmetric traits it is important to investigate whether 
the frequency of the traits is normal within a European or Caucasoid population. 
Therefore, it is important to compare the data with a reference sample. In this 
research, the results from Middenbeemster are compared with the standards for 
Eurasia. This information is derived from the study of Scott and Turner (1997, 
165-242). This study investigated the nonmetric traits in the Eurasian geographic 
area. The primary characterization on that area is based of groups from Western 
Europe, Northern Europe, East Europe, and North Africa. These divisions were 
based on data from Western Europe, Eastern Europe, Indo-Iran, India, Indic, 
Caucasian, Finnic-Permian, Ugrian, Samoyedic, and Afro-Asiatic. The information 
on the dental nonmetric traits of those populations is based on both data from 
their own research and data from the literature. It is however important to keep 
in mind that the trait frequencies from Eurasia are a generalization of these 
different populations and the Middenbeemster frequencies might therefore vary 
slightly. 
 
4.5.2. The traits 
The results of the comparison between the occurrence of dental nonmetric traits in the 
Middenbeemster sample and the Eurasian geographic area can be found in  Appendix 2. 
It can generally be stated that Western Eurasia is distinguished from other world 
populations by two main traits showing high frequencies; ‘4-cusped lower LM2’ and 
‘Carabelli’s trait’ on UM1. Three other traits which show intermediate frequencies are 
‘interruption grooves’ on UI2, the ‘y-pattern’ on LM2, and ‘2-rooted UP1’. Western 
Eurasia falls on the low end of the world scale for more than half the traits described; 
winging, shoveling, double-shoveling, mesial canine ridge, odontomes, cusp 5, enamel 
extension, cusp6, cusp 7, deflecting wrinkle (Scott and Turner 1997, 236). 
When comparing the frequencies from Middenbeemster with those from Eurasia, half 
the traits occur in frequencies comparable with the values indicated for Eurasia. This is 
the case for ‘double shovel’ on UI1, ‘interrupting groove’ on UI2, ‘cusp 5’ on UM1, 
‘enamel extension’ on UM1, the ‘odontome’ on UPM1, and ‘cusp 6’ on UM1. Two 
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frequencies lie below the Eurasian percentages, ‘shovel’ on UI1, and the ‘mesial ridge’ 
on UC. However, seven traits occurred in a higher percentage in the Middenbeemster 
sample than they generally occur in Eurasia. This was the case for ‘winging’ on UI1, 
‘absence of the hypocone’ on UM1, ‘Carabelli’s trait’ on UM1, ‘Groove pattern’ on LM2, 
‘deflecting wrinkle’ on LM1, ‘cusp 7’ on LM1, and ‘2-rooted UPM1’. 
In their book, Scott and Turner (1997, 223-235) also give percentages for the upper 
molar root number (3-rooted), lower canine root number (2-rooted), Tome’s root, lower 
first molar root number (3-rooted), and lower second molar root number (1-rooted). 
These percentages are however not compared with the occurrence of the traits from 
Middenbeemster. In order to observe the roots of the teeth they have to be taken out 
of their sockets. In most individuals this was not possible. The use of x-rays in future 
research might therefore reveal interesting information. 
 
A final important observation is that no individuals expressed an array of dental 
nonmetric traits associated with another geographic area than Eurasia. Therefore no 
outliners within the sample were found. 
 
4.5.3.Summary 
Approximately half of the dental nonmetric traits from the Middenbeemster sample 
occurred in different percentages than is indicated for an Eurasian population. Two 
traits occur in lower frequencies. This concerns ‘shovel’ on UI1, and the ‘mesial ridge’ on 
UC. Furthermore, seven traits occur in higher frequencies. This concerns ‘winging’ on 
UI1, ‘absence of the hypocone’ on UM1, ‘Carabelli’s trait’ on UM1, ‘Groove pattern’ on 
LM2, ‘deflecting wrinkle’ on LM1, ‘cusp 7’ on LM1, and ‘2-rooted UPM1’. The frequency 
of ‘double shovel’ on UI1, ‘interrupting groove’ on UI2, ‘cusp 5’ on UM1, ‘enamel 
extension’ on UM1, the ‘odontome’ on UPM1, and ‘cusp 6’ on UM1 occurred in 
comparable percentages. 
 
 
 
 
 
69 
 
Table 8. Frequencies of Middenbeemster and Eurasia compared. 
Lower frequency     Similar frequency     higher frequency     
Trait MB Eurasia Trait MB Eurasia Trait MB Eurasia 
Shovel UI1 17,64% 20-50% Double shovel UI1 0% 0-15% Winging UI1 35,29% 0-15% 
Mesial ridge UC 0% 4-7% Interrupting groove UI2  40,74% 20-40% Absence hypocone UM2 57,69% 20-30% 
      Cusp 5 UM1 22,72% 10-25% Carabelli UM1 40% 20-30% 
      Enamel ext. UM1 4,54% 0-10% 2-rooted UPM1 71,42% 30-60% 
      Odontome UPM1 0% 0-1% y-pattern LM2 91,66% 5-20% 
      Cusp 6 LM1 5,55% 0-10% Def. Wrinkle LM1 61,35% 5-15% 
            Cusp 7 LM1 15% 0-10% 
 
 
 
4.6. The kinship analysis of the Middenbeemster sample 
 
4.6.1. Introduction 
Members of a family group are presumed to share a greater amount of dental 
nonmetric traits than not related individuals based on the heritable character of 
the traits. Bioarchaeological kinship analysis thus identifies individuals who are 
likely to be closely related but does not specify the exact genealogical nature of 
this relationship (Stojanowski and Schillaci 2006, 55). 
 
4.6.2. The results and the relatedness of the individuals 
The kinship analysis in this study was conducted by comparing the shared dental 
nonmetric traits between all the individuals (table 9 – see Appendix 3). Each 
individual shares at least one trait with another individual. This resulted in 
varying amounts of shared traits between different individuals (table 10 – see 
appendix 3). Therefore, in order to separate the possibly related individuals from 
individuals expressing the same traits by chance or environmental factors, a 
breakpoint was included in the analyses. When individuals shared five or more 
traits, the similarity is assumed not to be random but to express a possible 
degree of relatedness. No researchers have yet used this breakpoint so it might 
be useful for future research to establish the most accurate and precise 
breakpoint using the parish records to compare known relatives. 
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Using this breakpoint, individual MB11S446V0944 (nr. 1) shares five traits with 
individual MB11S229V0324 (nr. 13) and six traits with individual MB11S198V0601 (nr. 
29). Individual MB11S236V0335 (nr. 7) shares five traits with individual MB11S198V0601 
(nr. 29). Individual MB11S369V0886 (nr. 9) shares five traits with individual 
MB11S151V0666 (nr. 22) and five traits with individual MB11S198V0601 (nr. 29). 
Individual MB11S229V0324 (nr. 13) shares six traits with individual MB11S151V0666 (nr. 
22), five traits with MB11S446V0944 (nr. 1), eight traits with individual MB11S198V0601 
(nr. 29), six traits with individual MB11S379V0851 (nr. 39), and five traits with individual 
MB11S502V1062 (nr. 43). Individual MB11S151V0666 (nr. 22) shares five traits with 
individual MB11S369V0886 (nr. 9), six traits with individual MB11S229V0324 (nr. 13), 
seven traits with individual MB11S198V0601 (nr. 29), six traits with individual 
MB11S379V0851 (nr. 39), and five traits with individual MB11S502V1062 (nr. 43). 
Individual MB11S198V0601 (nr. 29) shares six traits with individual MB11S446V0944 (nr. 
1), five traits with individual MB11S236V0335 (nr. 7), eight traits with individual 
MB11S229V0324 (nr. 13), seven traits with individual MB11S151V0666 (nr. 22), five 
traits with individual MB11S505V1095 (nr. 37), and eight traits with individual 
MB11S502V1062 (nr. 43). Individual MB11S505V1095 (nr. 37) shares five traits with 
individual MB11S198V0601 (nr. 29). Individual MB11S379V0851 (nr. 39) shares six  traits 
with individual MB11S151V0666 (nr. 22). Individual MB11S502V1062 (nr. 43) shares five 
traits with individual MB11S229V0324 (nr. 13), five traits with individual 
MB11S151V0666 (nr. 22), and eight traits with individual MB11S198V0601 (nr. 29) 
(table 11 – see appendix 3). 
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After analyzing of the shared traits between the individuals from the Middenbeemster 
sample, figure 8 was created to schematically summarize the findings. 
 
39 – – – – 6 – – – –  22 – 5 – 9         37  
  \   \                        /   /\         I          /                                             1 =  MB11S446V0944 
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Fig. 8.  The amount of shared traits between different individuals from the Middenbeemster sample. 
 
 
The premise of the use of dental nonmetric traits for intracemetary identification of 
relatives, is that the more traits that are shared, the more likely it is that there is a closer 
genetic relationship. Individuals MB11S229V0324 (nr. 13) and MB11S198V0601 (nr. 29) 
for example share eight traits which is the highest  occurrence in this study. These are 
especially the individuals that would have been identified with the archival data from 
the parish records to determine the existence and degree of genetic relatedness. 
The related traits include those with a high occurrence such as the ‘tuberculum dentale’ 
on UI1 and the ‘absence of the hypocone’ on UM2, as well as traits with a low 
occurrence such as ‘D.A.R.’ on the lower canine and ‘Cusp 6’ on LM1.  
 
4.6.3. Summary 
Within the Middenbeemster sample there is a subgroup of nine individuals who are 
possibly partially related among each other. Because the breakpoint of five shared traits 
has been used, similarity is assumed not to be random but to express a possible 
degree of relatedness.  
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4.7. The spatial distribution of the dental nonmetric traits and the possible 
related individuals 
 
4.7.1. Introduction 
In order to analyze whether the cemetery was kin structured, two approaches were 
used. Firstly, the spatial distribution of the different dental nonmetric traits and 
secondly, the spatial distribution of the presumed relatives as indicated by the kinship 
analysis were visually analyzed. This was done by highlighting the burials of interest in a 
map of the cemetery (fig. 9 to 29 and table 12 – see Appendix 4). These different maps 
were created by the use of the geographic information system (GIS) program MapInfo. 
The more the burials associated with a certain trait or relative are clustered, the more 
this indicates that the cemetery is likely kin structured. Burials will be regarded as 
clustered when they are lying in close proximity of each other, only separated by one 
burial in a vertical, horizontal or diagonal line. For four individuals, it was not possible to 
display their spatial position because they were not included in the MapInfo data file 
created by the archaeological team who excavated the cemetery.  
 
4.7.2. The spatial distribution 
It can be noticed that the spatial distribution of the different dental nonmetric traits and 
the spatial distribution of the presumed relatives as indicated by the kinship analysis, do 
not show clustering of the major part of the individuals. The burials are spread over the 
whole cemetery area. What does occur within both distributions are small subgroupings, 
mainly containing two burials. These subgroupings are visualized and described in 
Appendix 4. 
 
4.7.3. Summary 
It can be summarized that the spatial distribution of the different dental nonmetric 
traits and the possibly related individuals do not show a clustering of the major part of 
the individuals.  
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Chapter five: 
the discussion 
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5.1. The statistical tests 
 
5.1.1. Introduction 
When statistically analyzing intertrait correlations, different kinds of correlations might 
occur in the Middenbeemster sample. Firstly, some traits are scored on the same tooth. 
The ‘absence of the metacone and hypocone’, ‘cusp 5’, ‘Carabelli’s trait’, the ‘parastyle’ 
and ‘enamel extension’ are all scored on the UM1. In a study of 300 white male US Naval 
recruits, Keene (1968, 1023) found a relationship between diminished expressions of 
‘Carabelli’s trait’ and ‘hypocone’ reduction on both UM1 and UM2. Secondly, the same 
trait can occur with a positive or negative correlation on different teeth. This is also 
referred to as ‘within field correlations’ (Scott and Turner 1997, 112). The study of 
Sofaer et al. (1972, 811) for example found a high correlation between the ‘shoveling’ 
on UI1 and UI2 in Melanesian dentitions. Thirdly, there can be a positive correlation 
between different traits on different teeth. The dental investigation of a Chinese 
population in Southern Taiwan by Hsu et al. (2008, 40) showed that the existence of the 
‘shovel trait’ significantly increased the likelihood of having a ‘Carabelli’s trait’. 
 
5.1.2. Interpretation 
When interpreting the intertrait correlations two results are interesting, the absence of 
a significant correlation between ‘Carabelli’s trait’on LM1 and the ‘absence of the 
hypocone’ on LM1, and the significant correlation between ‘D.A.R.’ on the LC and 
‘shoveling’ on the UI1. 
 
The correlation between ‘Carabelli’s trait’ and the ‘hypocone’ is one often occurring in 
European populations. A lot of discussion has however been held on the kind of 
correlation. Some early authors felt that large ‘Carabelli’s cusps’ in European dentitions 
compensated for reduced cusp number (hypocone loss) of the upper second molar and 
third molars (Adloff 1903 in Keene 1968, 1023; Batujeff 1896 in Keene 1968, 1023). In 
other words they were positioning an inverse relationship between these traits. Recent 
studies however showed different results. Bolk (1915, 81) found a higher frequency of 
‘Carabelli’s trait’ on 4-cusped upper second molars than on tricuspal forms. Kotzschke 
and de Jonge (1960 in Korenhof 1960, 33) suggested that reduced ‘hypocones’ were 
associated with reduced expressions of ‘Carabelli’s trait’. In the study of Kondo and 
Townsend (2006, 196), 308 Australians of European descent were investigated for their 
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crown sizes. They concluded that larger molar crowns (protocone and hypocone) are 
more likely to display ‘Carabelli’s cusps’. Therefore, it can be suggested that upper 
molars with large ‘hypocones’ are more likely to have large Carabelli’s cusps than those 
showing ‘hypocone’ absence or reduction. These findings could however not be 
observed in the Middenbeemster sample. In the Middenbeemster sample, ‘Carabelli’s 
trait’ on UM1 was present in 10/25 individuals (40%), and the ‘absence of the hypocone’ 
on UM1 was present in 15/26 individuals (57.69%). No positive correlation between 
both was found which is in contrast with the work of Batujeff (1896 in Keene 1968) and 
Adloff (1903 in Keene 1968). ‘Carabelli’s cusps’ (breakpoint in this research is grade five) 
might however be correlated with the presence of the hypocone. In future research it 
would be interesting to investigate the correlation between the different grades of 
‘Carabelli’s trait’ expression and the presence of the hypocone instead of the absence.   
 
The intertrait correlation between the ‘D.A.R.’ and ‘shoveling’ on the other hand is 
however not seen in European populations but in the American Indians. Scott and 
Turner (1997, 114) stated that “shoveling and the canine distal accessory ridge are two 
traits that show significant interjaw associations”. Dahlberg (1951, 170) furthermore 
states that the shoveling field, involving all upper and lower incisors, probably extends 
to lingual marginal ridge development on the canines of both jaws. In the 
Middenbeemster sample however there was no interjaw correlation between the 
‘D.A.R.’ on the UC and ‘shoveling’ on the UI1, or the ‘D.A.R.’ on the LC and ‘shoveling’ on 
the LI1, but between the ‘D.A.R.’ on the LC and ‘shoveling’ on the UI1. 
 
For the other correlations, no comparable results have been found in the literature. It 
has to be pointed out that the statistical tests have been conducted on a low amount of 
individuals. This is the case because most traits could not be observed in all individuals 
which lead to a reduction of the sample size. This might be the reason for tests resulting 
in significant intertrait correlations who are not mentioned in the literature as being 
characteristic for an European population. It would be interesting to analyze a larger 
sample from the Middenbeemster population in order to see which correlations would 
still remain when the sample size is increased and which ones will not. 
 
This remark is also applicable on the correlation between the dental nonmetric traits 
and sex. Only one trait, the ‘cusp number’ on the LM2, occurred only in males. Because 
the number of these males was two, the result is not reliable. Future research of a larger 
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sample for the correlation between the traits and sex might also here confirm or reject 
the current indications. 
 
5.1.3. Conclusion 
The absence of a positive statistical correlation between large ‘Carabelli’s cusps’ and the 
‘absence of the hypocone’ is in contrast with the research of Adloff (1903 in Keene 
1968) and Batujeff (1896 in Keene 1968). In order to investigate whether a significant 
correlation between ‘Carabelli’s cusps’ and the ‘presence of the hypocone’ as indicated 
by of Bolk (1915), Kotzschke and de Jonge (1960 in Korenhof 1960), and Kondo and 
Townsend (2006) future research is needed. 
The other correlations, including the one between the ‘D.A.R.’ on the LC and ‘shoveling’ 
on the UI1, and between the ‘cusp number’ on the LM2, and males might be due to the 
small sample size. Future research of a larger sample might therefore confirm or reject 
the current indications. 
 
 
 
5.2. The Middenbeemster dental nonmetric traits and the Eurasian complex 
 
5.2.1. Introduction 
Dental nonmetric traits can aid in the reconstruction of biological relationships 
demonstrating differences or similarities between groups. This might reveal information 
concerning a population history regarding different aspects such as migration, trade and 
other aspects which might have created potential for the exchange of genes between 
groups. Can the influence of different geographic areas be seen in the Middenbeemster 
sample and what might be the reason of those differences with the Eurasian complex? 
 
5.2.2. Interpretation 
Six out of fifteen dental nonmetric traits from the Middenbeemster sample have similar 
frequencies to the Eurasian average. This indicates that the Middenbeemster population 
resembles the Eurasian complex. The percentage of the other traits however lies for two 
traits below and for seven traits above the indicated Eurasian percentages. Some traits 
such as the ‘absence of the hypocone’ on UM1 and ‘Carabelli’s trait’ on LM1 are 
characteristic for Eurasia but occur in higher percentages than average and in lower 
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percentage for ‘shoveling’ on UI1. Some other traits however match the frequencies of 
other geographic areas. This is the case for ‘winging’ on UI1, indicating resemblance with 
Northeast Siberia, Northwest North America, and North and South America. The high 
amount of ‘2-rooted UPM1’ and ‘cusp 7’ on LM1 on the other hand indicates 
resemblance with Sub-Saharan Africa. The ‘y-pattern’ on LM2 suggests resemblance 
with the San. The high percentage of the ‘deflecting wrinkle’ on LM1 corresponds with 
North Asia and the Americas and the low percentage of the ‘mesial ridge’ on UC occurs 
in  the Sino-americas, the Sahul-Pacific and Poynesia (see Appendix 2) However, because 
these traits co-occur with several traits considered characteristic for Eurasia, no 
geographic outliners have been found. This indicates that the analyzed individuals are all 
likely to be locals.  
 
Because of the small sample size, it is possible that the frequency percentages of the 
dental nonmetric traits of the Middenbeemster sample vary slightly from the Eurasian 
frequencies. This might be the case for the traits ‘shovel’ on UI1, the ‘mesial ridge’ on 
UC, ‘cusp 7’ on LM1, and ‘Carabelli’s trait’ on UM1’. For other trait however, the 
frequencies are double or more than the amount indicated for Eurasia. For one trait, the 
‘deflecting wrinkle’ on LM1, the high frequency might be due to observer error because 
it was the most difficult trait to score. Other traits as ‘winging’ on UI1, the ‘absence of 
the hypocone’ on UM1, ‘2-rooted UPM1’, and the ‘y-pattern’ on LM2 are easily 
identifiable and their high occurrence might therefore less likely caused by observer 
error. It is also important to mention that the breakpoints for scoring the dental 
nonmetric traits in this research are the same as those from the research of Scott and 
Turner (1997, 165-142). Therefore, the breakpoints do not have any influence on 
deviant frequencies. Consequently, the results might just be suggesting that certain 
traits have a distinctive trait percentage characteristic for the Middenbeemster sample. 
However, future research of a larger sample size might tell whether this is indeed the 
cause. 
 
5.2.3. Conclusion 
Although the Middenbeemster sample resembles the Eurasian complex, several traits 
show deviant percentages. This might either be caused by the small sample size or 
observer error. Two traits however, the ‘absence of the hypocone’ on UM1 and the ‘y-
pattern’ on LM2 have very distinctive percentages. These traits are certainly important 
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for future study which might indicate whether these high percentages are due to the 
same causes or whether they are characteristic for the Middenbeemster population. 
 
 
 
5.3. The kinship analysis of the Middenbeemster sample 
 
5.3.1. Introduction 
The kinship analysis revealed several possibly related individuals. But what do these 
relationships between the individuals mean and to which extend might the results be 
due to chance or environmental factors rather than genes? Within archaeology much 
confusion exists towards the interpretation of nonmetric traits. It is often wondered 
how the traits are used to determine family relations. Confusion exists due to the 
misconception that nonmetric traits deliver information that is the same as that of 
genes. There are however differences between the level of information that they can 
convey as well as the methods that are used (Tyrrell 2000, 289). In order to interpret the 
results from the kinship analysis it is important to understand the heritability of dental 
nonmetric traits and its implications for detecting family relations. 
 
5.3.2. The heritability of dental nonmetric traits and its implications for kinship 
analysis 
5.3.2.1 Heritability and the influence of environmental factors 
Heritability is a term that is often misinterpreted. It is the degree of genetic contribution 
to observed variation between individuals in a population, not to the trait as it develops 
in an individual. Heritability is a population specific value because it depends as well on 
the genes of that populations as on its specific environmental conditions (Scott and 
Turner 1997, 154). Research concerning environmental factors often uses twin studies. 
The primary assumption of the twin method is that monozygotic or identical twins share 
100% of their genes in common. There is thus a genetic basis for the observed 
phenotypic similarities, so any measurable differences between such twins are 
environmental in origin (Scott and Turner 1997, 145). But which environmental 
conditions have an effect on crown morphology? Mean annual temperature, humidity, 
ultraviolet radiation, altitude have never shown to have any effect or influence on the 
development of human dental crown and root traits (Scott and Turner 1997, 159). 
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Researchers have shown that different nutritional regiments in pregnant or lactating 
mice influence tooth size (Searle 1954, 423). Despite those studies, no work has 
demonstrated that influence on human dental crown and root morphology. 
Undernutrition and infectious diseases do have an influence on teeth but disrupt the 
crown formation in the form of enamel hypoplasia. Even trace elements have been 
studied on rats during experimental studies. However, this only seem to have a small 
influence on the height and width of the cusps (Kruger 1966, 724).  
Several studies examined the influence changing environmental factors on the human 
skeleton. It was shown by Boas (1912 in Scott and Turner 1997, 159) that European 
immigrants to the United States had significant differences in anthropometric cranial 
variables compared to their parents. This difference could also be seen in Norse 
colonists in Iceland and Greenland after they moved from their moderate maritime 
environment to a rougher subarctic setting. The Norse in the North Atlantic diverged 
thereby from parental Scandinavian populations in several cranial nonmetrics (Halffman 
et al. 1992, 157). Their crown and root morphology on the other hand did not derivate 
from that of the ancestral population (Scott and Alexandersen 1992, 485). Both 
examples demonstrate the changes in skeletal morphology due to a change in 
environmental conditions but show that this did not affect the teeth. Therefore, dental 
nonmetric traits are the best option to study kinship when genetic research is not 
possible. Thus it is likely that the assumed relatives from the kinship analysis are in a 
certain degree related. It has however already been stated in the introduction of this 
thesis that the investigation of dental nonmetrics can shed light on relatedness but not 
on the degree of the familial relations. Another important aspect to consider is the 
mode of inheritance of the nonmetric traits. 
 
5.3.2.2. Simple or complex modes of inheritance? 
It is generally acknowledged that tooth development in general and morphology in 
particular are under strong hereditary control. Kraus and Furr (1953, 554) even state 
that the entire dentition, in its gross morphology, is strictly governed by genes. Garn et 
al. (1977, 82) states that dental development is to a larger extent under genetic control 
than is known for most other calcified tissues. Do these genes present simple or 
complex modes of inheritance?  
McKusick (1990 in Scott and Turner 1997, 131) investigated in his work, ‘Mendelian 
Inheritance in Man’, 12,000 autosomal dominant, autosomal recessive, and x-linked 
phenotypes. Of these, forty-one were dental variables. This includes dental 
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abnormalities such as fused teeth or enamel defects. This leaves only six dental 
nonmetric traits for which the phenotypes were investigated and presumed to be simple 
modes of inheritance. Carabelli’s trait, upper later incisor interrupting grooves, premolar 
odontomes, upper lateral incisor winging, and shovel-shaped incisors were listed as 
autosomal dominant.  
Other studies however generated different results by examining phenotypic trait 
expressions in families. The first crown trait to be analyzed through pedigree analysis 
was Carabelli’s trait. Kraus (1951, 348) examined the transmission of Carabelli’s trait in 
Mexican and Indian families in Arizona. The genetic model  he tested assumed a 
phenotypic-genotypic correspondence whereby trait absence=cc, pits or grooves and 
small tubercles=Cc and pronounced tubercles=CC. His hypothesis of autosomal 
codominant inheritance could not be rejected in eight pedigrees. Kraus however did not 
have the most critical mating type, absence multiplied by absence. Those types should 
not produce presence phenotypes in offspring were the mode of inheritance is either 
autosomal dominant or codominant (Scott and Turner 1997, 133). These exceptions to 
the model however do occur. The study of Chinese immigrant families in England by Lee 
and Goose (1972, 336-339) identified twenty-two offspring exhibiting trait absence and 
thirty offspring expressing Carabelli’s trait from a large number of absence multiplied by 
absence mating types were identified. 
These studies show that the assumption of McKusick (1990 in Scott and Turner 1997, 
131) is incorrect and that no dental nonmetrics have simple modes of inheritance. This 
leads to the fact that not all family relations can be identified with dental nonmetric 
traits. Therefore, more individuals from the Middenbeemster sample might be related 
although they might not be indicated as such by the investigation of the dental 
nonmetric traits. An important factor to evaluate these concerns in future research is 
the use of additional information such as the parish records.  
 
5.3.3. Conclusion 
The study of the dental nonmetric traits from the Middenbeemster sample has shed 
light on the familial relationships among certain individuals. Considering the reliability of 
dental nonmetric traits for kinship analysis, these individuals are likely to be related. 
However, because the investigation of dental nonmetrics can shed light on family 
relations but not on the degree of relatedness, it is not possible to tell the exact familial 
relationship between the individuals. Furthermore, no crown or root traits seem to have 
simple modes of inheritance. This leads to the fact that certain familial relationships 
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might have been overlooked. The validity of the kinship analysis might hopefully in 
future research be analyzed by the use of the Middenbeemster parish records. 
 
 
 
5.4. The spatial distribution of the dental nonmetric traits and the possible 
related individuals 
 
5.4.1. Introduction 
The family unit is one of the central social units in a society. Those family units might 
have an important impact on other aspects of life such as place of residence, work, 
social status, health and so on. Recognizing family relations within past populations 
therefore gives the possibility to answer a range of questions. In this research however 
the interests lie in the family burial practices. Was the Middenbeemster cemetery kin 
structured or not? 
 
5.4.2. Interpretation 
When highlighting the burials of the individuals expressing a certain trait and the 
individuals who are likely to be related according to the kinship analysis, only a few small 
clusters were present. The low amount of individuals buried in close proximity of each 
other is likely to be coincidental especially because the majority of the individuals 
express a random non clustered spatial pattern. Therefore, no overall clustering of 
family burials seems to occur. 
The literature could not indicate that kinship burial took place in the Protestant 
cemeteries of the first half of the 19th century. Any references concerning family burials 
are related to the second half of the 19th century when new cemeteries outside the 
town center arose and monumental family burial places were created. Furthermore, it is 
known that for members of a craft society the burial was organized by the society 
diminishes the possibility of kinship burial (see 3.2.4. The cemetery of Middenbeemster). 
As well the spatial structure analysis as the literature seem to indicated that the 
cemetery of Middenbeemster is probably not kin structured. 
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5.4.3. Conclusion 
A small minority of the dental nonmetric traits and individuals from the kinship analysis 
are spatially clustered. Because of the small amount of these clusters and the fact that 
the clustering does not seem to occur in a regular manner, these clusters are likely due 
to chance. Therefore, the overall spatial distribution of the burials is probably random. 
Furthermore, no indication of kinship burial in 19th century Protestant cemeteries could 
be found in the literature. Considering as well the results of the spatial structure analysis 
as the information form the literature, the cemetery of Middenbeemster is most likely 
not kin structured. 
 
 
 
5.5. Future research 
 
After conducting this research, several needs for future research emerged.  
Firstly, not much information about the dental nonmetric traits of the roots is known for 
the Middenbeemster sample. This was the case because most teeth could not be 
removed from their socket leaving the roots invisible. Scott and Turner (1997, 223) 
among others however stress the importance of scoring traits on the roots. A solution to 
this problem would be the use of x-rays. In this study however, it was not possible to use 
this method. Therefore, future research might yield interesting information when 
studying the teeth roots of the Middenbeemster individuals. 
Secondly, analyzing a larger sample would indicate whether the results obtained in this 
thesis are indeed characteristic for the Middenbeemster population or due to the 
limited sample size.  
Thirdly, it was intended to use the Middenbeemster parish records in this research. Due 
to several circumstances and internal problems related to these records, they could not 
be used. However, as time evolves, several of these problems are gradually solved which 
makes it possible to use them for future research. They might yield information and 
indications about the burial practices in Middenbeemster and whether or not it was 
common practices to bury relatives in the same area of the cemetery. But most 
importantly, the parish records can be used to reconstruct the families of 
Middenbeemster. With this information, intrafamilial correlation analysis will be 
possible. It would offer a reflection on the methods used in this research and the 
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suitability of each trait to detect family relations. This would reveal information about 
the prospects and limitations of using dental nonmetric traits to reconstruct kinship. 
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Chapter six: 
the conclusion 
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The 19th century Middenbeemster cemetery had only recently been excavated and its 
population was still uninvestigated. These facts created an interesting opportunity for 
research. Therefore, this thesis studied the intracemetery kinship relations and the 
cemetery structure by analyzing the dental nonmetric traits of a sample of forty-seven 
individuals from the population. 
The first goal was to examine the intertrait correlations and the correlation between the 
nonmetric traits and sex. It could be noticed that except for the absent significant 
correlation between ‘Carabelli’s trait’ on UM1 and the ‘absence of the hypocone’ on 
UM1, and the significant correlation between ‘shoveling’ on UI1 and the ‘D.A.R.’ on LC,  
no comparable results from the literature were found  for the other significant 
correlations. 
This might be due to the fact that the statistics were conducted on a small sample. 
Therefore, the result of the statistical test should be interpreted cautiously.  
This is also the case for the second goal, the trait frequencies. In order to determine 
whether the trait frequencies from the Middenbeemster sample were normal for a 
European population, the results were compared with the frequencies indicated for 
Eurasia by Scott and Turner (1997, 165-234). Although the results from Middenbeemster 
are mainly in accordance with the Eurasian complex, several traits show deviant 
percentages. This might either be due to the small sample size or the observer error. 
Two traits however, the ‘absence of the hypocone’ on UM1 and the ‘y-pattern’ on LM2 
have very distinctive percentages. These traits are certainly important for future study 
which might indicate whether these high percentages are characteristic for the 
Middenbeemster population or whether their occurrence is due to the limited sample 
size. 
The third goal was to reconstruct family relations within the Middenbeemster sample by 
the identification of shared traits.  Because relatives have greater phenotypic similarities 
compared to non-related individuals, individuals who express the same traits are more 
likely to be related. And although the human skeleton might undergo morphological 
changes due to changes in environmental conditions, no such changes have been 
detected in human teeth. This makes the use of dental nonmetric traits the best option 
to identify relatives when genetic research is not possible. The kinship analysis 
conducted in this study indicated several people who are possibly related. However, 
despite the indication of possible related individuals, the research of dental nonmetric 
traits is not able to determine the degree of relatedness. Furthermore, more individuals 
from the Middenbeemster sample might be related than is suggested in this research. 
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This is caused by the fact that dental nonmemtric traits have complex modes of 
inheritance. Consequently, not all related individuals share the same traits and therefore 
some family relations might not have been visible through the dental nonmetric traits. 
The fourth and final goal was to investigate if the Middenbeemster cemetery was kin 
structured. Therefore,  two approaches have been used. Both the spatial distribution of 
the different dental nonmetric traits and the spatial distribution of the presumed 
relatives were visually analyzed using MapInfo maps. It could be noticed that a small 
minority of the burials was spatially clustered. However, these groupings did not occur 
in a regular manner and was not applicable for the majority of individuals. The clustering 
is therefore assumed to be random. Furthermore, no indications of family clustered 
burials in 19th century Protestant Dutch cemeteries could be found in the literature. 
Considering both the results of the spatial structure analysis and the information form 
the literature, the cemetery of Middenbeemster is most likely not kin structured. 
 
In all, this research makes a valuable contribution to the field of dental anthropology. 
Because no analysis had yet been conducted in the Netherlands, this research is the first 
step towards an understanding of the nonmetric trait frequencies in a Dutch population. 
Furthermore, the intracemetery analysis is innovative and shows the possibilities and 
limitations of using dental nonmetric traits for kinship analysis and cemetery structure 
analysis. However, future research might add valuable contributions to this study. The 
investigation of a larger sample might indicated whether the obtained results are 
characteristic for the Middenbeemster sample or whether they are due to the small 
sample size. Furthermore, the use of the Middenbeemster parish records can offer a 
reflection on the methods used in this research and the suitability of each trait to detect 
family relations.  
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Abstract 
 
The cemetery of Middenbeemster has only recently been excavated in 2011 by Leiden 
University and Hollandia Archeologen and its population was still uninvestigated. These 
facts created an interesting opportunity for research. The goal of this thesis is to identify 
relatives within the skeletal series of the Middenbeemster cemetery and to investigate 
whether those relatives were buried in a spatial pattern. This was done by investigating 
the absence or presence of family burial clusters. Due to the heritable character of the 
dental nonmetric traits it was possible to indicate several individuals who are likely to be 
related. However, despite the indication of possible related individuals, the research of 
dental nonmetric traits is not able to determine the degree of relatedness. The results of 
the spatial distribution indicated that the cemetery is probably not kin structured. 
Future research might be able to us the Middenbeemster parish records as a reflection 
on the methods used in this research and the suitability of each dental nonmetric trait 
for the reconstruction of kinship. 
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Appendix 1: 
the statistical tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1. Intertrait correlation
Table 5. Intertrait  correlat ion
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1.2. The correlation between sex and the different traits 
 
Table 7. Correlation between sex and the different traits 
 
Trait Test     
Winging UI1 T-test T value 0.619 
    Sig. (2-tailed): 0.542 
    
Trait Test     
Labial curve UI2 T-test T value -0.661 
    Sig. (2-tailed): 0.519 
    
Trait Test     
Shovel UI1 Mann-Withney U Z value -1.225 
    Sig. (2-tailed): 0.221 
    
Trait Test     
Interrupting groove UI2 T-test T value -0.447 
    Sig. (2-tailed): 0.660 
    
Trait Test     
Tuberculum dentale UI1 T-test T value -0.466 
    Sig. (2-tailed): 0.646 
    
Trait Test     
Distal accessory ridge UC T-test T value -0.350 
    Sig. (2-tailed): 0.732 
    
Trait Test     
Mesial&distal cusps UPM1 T-test T value -1.100 
    Sig. (2-tailed): 0.288 
    
Trait Test     
Absence of the hypocone UM2 T-test T value 0.280 
    Sig. (2-tailed): 0.783 
    
Trait Test     
Cusp 5 UM1 T-test T value -1.387 
    Sig. (2-tailed): 0.193 
    
Trait Test     
Carabelli's trait UM1 T-test T value 1.413 
    Sig. (2-tailed): 0.183 
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Trait Test     
Enamel extension UM1 T-test T value 1.171 
    Sig. (2-tailed): 0.264 
    
Trait Test     
2-rooted premolars UPM1 Mann-Withney U Z value -1.225 
    Sig. (2-tailed): 0.221 
    
Trait Test     
Peg-shaped UM3 Mann-Withney U Z value 0.000 
    Sig. (2-tailed): 1.000 
    
Trait Test     
Shoveling LI1 Mann-Withney U Z value 0.000 
    Sig. (2-tailed): 1.000 
    
Trait Test     
Distal accessory ridge LC T-test T value -0.939 
    Sig. (2-tailed): 0.368 
    
Trait Test     
Lingual cusps LPM1 T-test T value -1.840 
    Sig. (2-tailed): 0.079 
    
Trait Test     
Groove pattern LM2 T-test T value -1.000 
    Sig. (2-tailed): 0.332 
    
Trait Test     
Cusp number LM2 Mann-Withney U Z value -2.138 
    Sig. (2-tailed): 0.033 
    
Trait Test     
Deflecting wrinkle Mann-Withney U Z value -1.333 
    Sig. (2-tailed): 0.182 
    
Trait Test     
Protostilid LM1 T-test T value 0.000 
    Sig. (2-tailed): 1.000 
  
 
 
 
 
102 
 
 
Trait Test     
Cusp 5 LM1 T-test T value 1.425 
    Sig. (2-tailed): 0.182 
    
Trait Test     
Cusp 6 lM1 Mann-Withney U Z value 0.000 
    Sig. (2-tailed): 1.000 
    
Trait Test     
Cusp 7 LM1 T-test T value -0.204 
    Sig. (2-tailed): 0.841 
    
Trait Test     
Enamel extension LM1 T-test T value -0.617 
    Sig. (2-tailed): 0.549 
    
Trait Test     
2-rooted LC Mann-Withney U Z value 0.000 
    Sig. (2-tailed): 1.000 
    
Trait Test     
Tome's root LPM1 Mann-Withney U Z value 0.000 
    Sig. (2-tailed): 1.000 
    
Trait Test     
Anterior fovea LM1 Mann-Withney U Z value 0.000 
    Sig. (2-tailed): 1.000 
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2.1. The comparison 
 
Winging on UI1 
 
1) Low frequency groups (0-15%): Western Eurasia, Sub-Saharan Africa, 
Sahul-Pacific. 
2) Intermediate groups (15-30%): East and Central Asia, American Arctic, 
Sunda-Pacific. 
1) High frequency groups (30-50%): Northeast Siberia, Northwest North America, 
North and South America. 
 
Within the Middenbeemster sample 12/24 individuals or 35.29% of the population 
exhibit a form of wining. From those 12 individuals, 8 or 23.52%, had counter winging. 
This percentage is much higher than the 0 to 15% indicated by Scott and Turner which 
places the sample of Middenbeemster more into the high frequency group of Northeast 
Siberia, Northwest North America, and North and South America.  
 
Shoveling on UI1 
 
1) Low frequency groups (0-15%): Western Eurasia, Sub-Saharan Africa, Sahul-
Pacific. 
2) Intermediate groups (20-50%): Sunda-Pacific, Western Europe and India, 
Samoyeds, South Siberia, Central Asia, Jomon, Ainu. 
3) High frequency groups (60-90%): East and North Asia, Americas. 
 
3/17 individuals or 17.64% had shovel shaped UI1. This percentage falls within the low 
frequency group of Eurasia. The percentages indicated for Western Europe more 
specifically have higher values than the ones encountered in the Middenbeemster 
sample. 
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Double-shoveling on UI1 
 
1) Low frequency groups (0-15%): Western Eurasia, Sub-Saharan Africa, Sahul-
Pacific, Sunda-Pacific. 
2) Intermediate groups (20-40%): East and North Asia, American Arctic. 
3) High frequency groups (55-70ù): American Indians. 
 
No cases of double shoveling have been observed in the Middenbeemster sample. It is 
indeed the case that Eurasian populations show low frequencies for this trait. 
 
Interruption grooves on UI2 
 
1) Low frequency groups (10-20%): Sub-Saharan Africa, Sahul-Pacific. 
2) Intermediate groups (20-40%): Western Eurasia, Sunda-Pacific. 
3) High frequency groups (46-65%): Sino-Americas. 
 
11/27 individuals or 40.74% were scored as having interruption grooves. This 
percentage falls into the intermediate group associated with Western Eurasia although 
it is rather on the high end.  
 
Mesial ridge on UC 
 
1) Very rare (0-3%): Sino-Americas, Sahul-Pacific, Polynesia. 
2) Rare (4-7%): Western Eurasia, Sunda-Pacific. 
3) Moderate (12-35%): Sub-Saharan Africa. 
 
No individuals expressing the mesial canine ridge were found. The mesial canine ridge or 
Bushmen canine, is as the name indicates, especially encountered in the Bushmen and 
other African populations. It is only rarely observed in populations from other 
geographic areas (Irish and Morris, 1996). 
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Absence of the hypocone on UM1 
 
1) Low frequency groups (0-10%): Sub-Saharan Africa, Australia, New Guinea. 
2) Intermediate groups (10-20%): Sunda-Pacific, East Asia, Jomon, American Indian, 
North Africa. 
3) High frequency groups (20-35%): Europe, India, Northeast Siberia, American 
Arctic. 
 
In contrast with the metacone, the hypocone is often observed as being absent in the 
Middenbeemster sample. 15/26 individuals or 57.69% have a reduced or absent 
hypocone. This trait has one of the higher occurrences in the Middenbeemster sample 
compared to the other traits. The percentage also lies higher that that indicated for 
Eurasia. Although Eurasia is categorized in the high frequency group for the absence of 
the hypocone, the percentage from Middenbeemster  is almost twice as high. 
 
Cusp 5 on UM1 
 
1) Low frequency groups (10-25%): Western Eurasia, Sino-Americas. 
2) Intermediate groups (30-40%): Sunda-Pacific. 
3) High frequency groups (45-60%): Sahul-Pacific. 
 
With 5/22 or 22.72% of the individuals expressing a cusp 5, the presence of the trait lies 
within the range indicated for Eurasia.  
 
Carabelli’s trait on UM1 
 
1) Low frequency groups (0-10%): North Asia, Eskimo-Alets, American Indians, 
Jomon, Ainu. 
2) Low intermediate groups (10-15%): East Asia. 
3) High intermediate groups (15-20%): Sub-Saharan Africa, Sunda-Pacific, Sahul-
Pacific. 
4) High frequency groups (20-30%): Western Eurasia. 
 
Although it is stated that Carabelli’s cusp occurs in high frequencies, the percentage 
obtained in the sample is even higher at 10/25 individuals or 40%.  
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Enamel extension on UM1 
 
1) Low frequency groups (0-10%): Western Eurasia, Sub-Saharan Africa, Sahul-
Pacific, Jomon. 
2) Intermediate groups (20-30%): Sunda-Pacific, South Siberia. 
3) High frequency groups (40-60%): East and North Asia, Americas% 
 
1/22 individuals or 4.54% was scored positive for enamel extension. This value lies well 
between the boundaries of what is indicated for Western Eurasia. 
 
Odontomes on UPM1 
 
1) Near absence groups (0-1%): Western Eurasia, Sub-Saharan Africa, New 
Guinea, Jomon, South Siberia. 
2) Very rare (1-3%): Australia, Melanesia, Sunda-Pacific, Northeast Siberia. 
3) Rare (4-7%): East Asia, Americas. 
 
The Middenbeemster sample can indeed be placed within the near absence group which 
is characteristic for Eurasia. Not a single individual expressed the trait. It can be stated 
that even in the areas where the trait does occur it still represents only a small 
percentage. 
 
Groove pattern: Y-pattern on LM2 
 
1) Lower frequency groups (5-20%): Western Eurasia, Sino-Americas, Sunda-
Pacific, Australia. 
2) Intermediate groups (25-40%): East and South Africa, Melanesia, New Guinea. 
3) High frequency group (60-70%): the San. 
 
22/24 individuals or 91.66%, expressed an y-pattern on at least one of their lower 
second molars. The frequency of y-groove pattern found in the Middenbeemster sample 
lie extremely far above the percentage indicated for Eurasian populations since it was 
present in almost every observable individual. This is very interesting and definitely a 
trait to analyze further in future research. 
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Deflecting wrinkle on LM1 
 
1) Low frequency groups (5-15%): Western Eurasia. 
2) Intermediate groups (20-35%): Sub-Saharan Africa, East Asia, Altaic, Sunda 
Pacific. 
3) High frequency groups (35-50%): North Asia, Americas. 
 
8/13 individuals, or 61.53% were scored positive for the deflecting wrinkle on one or 
both first lower molars. The percentage lies far above the percentages indicated for 
Eurasia and is even higher than the high frequency groups. The scoring of the deflecting 
wrinkle however is one of the few traits were a slight intra-observer error could be 
noticed. This was in my experience the most difficult trait to score and this might have a 
small share in its high frequency. Therefore, this result should be treated cautiously. 
 
Cusp 6 on LM1 
 
1) Low frequency groups (0-10%): Western Eurasia. 
2) Low intermediate groups (10-20%): Sub-Saharan Africa, South Siberia, Altaic-
speakers, New Guinea. 
3) High intermediate groups (30-50%): North and East Asia, Americas, Melanesia. 
4) High frequency groups (>50%): Polynesia, Australia. 
 
 
1/18 individuals or 5.55% were scored positive for the cusp 6. This percentage lies 
between the values indicated for Eurasian populations.  
 
Cusp 7 on LM1 
 
1) Low frequency groups (0-10%): Western Eurasia, Sino-americas, Sunda Pacific, 
Sahul-Pacific. 
2) High frequency groups (25-40%): Sub-Saharan Africa. 
 
3/20 individuals or 15% had a cusp 7 which is higher than the amount indicated for 
Western Eurasia. The percentage has an intermediate value which is not mentioned by 
Scott and Turner (1997).  
109 
 
Upper premolar root number (2-rooted) 
 
1) Low frequency groups (5-15%): North Asia, Americas 
2) Low intermediate groups (20-30%): East Asia, Jomon. 
3) High intermediate groups (30-60%): Western Eurasia, Sunda-Pacific, Sahul-
Pacific. 
4) High frequency groups (>60%): Sub-Saharan Africa. 
 
5/7 individuals or 71.42% scored positive for the presence of 2-rooted upper premolars. 
Although it is indicated that Western Eurasia can be placed in the high intermediate 
group, the percentage of Middenbeemster lies higher and more in accordance with the 
high frequency group of sub-Saharan Africa. 
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Appendix 3: 
the kinship analysis 
of the Middenbeemster sample 
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3.2. The kinship analysis 
 
Table 10. The Individual MB11S446V0944 shares different amounts of traits with different individuals on a 
number of teeth. 
 
Indv. Rel. ind. traits shared trait 
MB11S446V0944 MB11S388V0952 2 T.D. on UI1, D.A.R. on UC 
  MB11S290V0472 3 T.D. on UI1, M&D.C. on UPM1, C5 on LM1 
  MB11S306V0561 2 T.D. on UI1, C5 on LM1 
  MB11S236V0335 4 T.D. on UI1, D.A.R. on UC, L.C. on LPM1, C5 on LM1 
  MB11S501V1097 2 D.A.R. on UC, C5 on LM1 
  MB11S229V0324 5 
T.D. on UI1, Car. on UM1, L.C. on LPM1, D.W. on LM1, C5 on 
LM1 
  MB11S340V0724 2 T.D. on UI1, C5 on LM1 
  MB11S476V1054 2 D.A.R. on UC, C5 on LM1 
  MB11S325V0676 2 Car. on UM1, L.C. on LPM1 
  MB11S350V0844 3 D.A.R. on UC, C5 on LM1, D.W. on LM1 
  MB11S454V0963 3 D.A.R. on UC, Car. on UM1, D.W. on LM1 
  MB11S151V0666 4 T.D. on UI1, D.A.R. on UC, Car. on UM1, L.C. on LPM1 
  MB11S198V0601 5 
T.D. on UI1, D.A.R. on UC, Car. on UM1, L.C. on LPM2, C5 on 
LM1 
  MB11S385V0874 3 T.D. on UI1, D.A.R. on UC, C5 on LM2 
  MB11S507V1093 3 D.A.R. on UC, L.C. on LPM1, C5 on LM1 
  MB11S505V1095 3 T.D. on UI1, D.A.R. on UC, M&D.C. on UPM1 
  MB11S480V1042 2 Car. on UM1, C5 on LM1 
  MB11S379V0851 2 D.A.R. on UC, L.C. on LPM1 
  MB11S269V1065 2 D.A.R. on UC, D.W. on LM1 
  MB11S059V0133 2 D.A.R. on UC, L.C. on LPM1 
  MB11S502V1062 4 T.D. on UI1, M&D.C. on UPM1, D.W. on LM1, C5 on LM1 
 
 
 
 
 
Table 11. The presence of shared traits between the individuals from the sample. Breakpoint: five shared 
traits. 
 
Indv. Rel. ind. traits shared trait 
MB11S446V0944 MB11S229V0324 5 T.D. on UI1, Car. on UM1, L.C. on LPM1, D.W. on LM1, C5 on LM1 
  MB11S198V0601 6 
T.D. on UI1, D.A.R. on UC, Car. on UM1, L.C. on LPM1, D.W. LM1, 
C5 on LM1 
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Indv. Rel. ind. traits shared trait 
MB11S236V0335 MB11S198V0601 5 T.D. on UI1, D.A.R. on UC, L.C. on LPM1, G.P. on LM2, C5 on LM1 
 
 
 
 
 
  
    Indv. Rel. ind. traits shared trait 
MB11S369V0886 MB11S151V0666 5 W. on UI1, T.D. on UI1, A.H. on UM2, L.C. on LPM1, G.P.  on LM2 
  MB11S198V0601 5 I.G. on UI2, T.D. on UI1, A.H. on UM2, L.C. on LPM1, G.P. on LM2 
    
        Indv. Rel. ind. traits shared trait 
MB11S229V0324 MB11S369V0886 5 T.D. on UI1, Car. on UM1, L.C. on LPM1, D.W. on LM1, C5 on LM1 
  MB11S151V0666 6 W. UI1, T.D. UI1, Car. UM1, L.C. LPM1, G.P. LM2, Pr. LM1 
  MB11S198V0601 8 
T.D. UI1, C5 UM1, Car. UM1, L.C. LPM1, G.P. LM2, D.W. LM1, Pr. 
LM1, C5 LM1 
  MB11S379V0851 6 W. UI1, T.D. UI1, L.C. LPM1, G.P. LM2, Pr. LM1, C6 LM5 
  MB11S502V1062 5 T.D. on UI1, G.P. on LM2, D.W. on LM1, Pr. on LM1, C5 on LM4 
    
Indv. Rel. ind. traits shared trait 
MB11S151V0666 MB11S369V0886 5 W. on UI1, T.D. on UI1, A.H. on UM2, L.C. on LPM1, G.P. on LM2 
  MB11S229V0324 6 
W. on UI1, T.D. on UI1, Car. on UM1, L.C. on LPM1, G.P. on LM2, Pr. 
on LM1 
  MB11S198V0601 7 
T.D. on UI1, D.A.R. on UC, A. H. UM2, Car. on UM1, L.C. on LPM1, 
G.P. on LM2, Pr. on LM1 
  MB11S379V0851 6 
W. on UI1, T.D. on UI1, D.A.R. on UC, L.C. on LPM1, G.P. on LM2, 
Pr. on LM1 
  MB11S502V1062 5 T.D. on UI1, D.A.R. on UC, A.H. UM2, G.P. on LM2, Pr. on LM1 
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    Indv. Rel. ind. traits shared trait 
MB11S198V0601 MB11S446V0944 6 
T.D. on UI1, D.A.R. on UC, Car. on UM1, L.C. on LPM1, D.W. on 
LM1, C5 on LM1 
  MB11S236V0335 5 T.D. on UI1, D.A.R. on UC, L.C. on LPM1, G.P. on LM2, C5 on LM1 
  MB11S229V0324 8 
T.D. on UI1, C5 on UM1, Car. on UM1, L.C. on LPM1, G.P. on LM2, 
D.W. on LM1, Pr. on LM1, C5 on LM1 
  MB11S151V0666 7 
T.D. on UI1, D.A.R. on UC, A H. on UM2, Car. on UM1, L.C. on 
LPM1, G.P. on LM2, Pr. on LM1 
  MB11S505V1095 5 I.G. on UI2, D.A.R. on UC, A.H. on UM2, C5 on UM1, G.P. on LM2 
  MB11S502V1062 8 
I.G. on UI2, T.D. on UI1, D.A.R. on UC, A.H. on UM2, G.P. on LM2, 
D.W. on LM1, Pr. on LM1, C5 on LM1 
    
    Indv. Rel. ind. traits shared trait 
MB11S505V1095 MB11S198V0601 5 I.G. on UI2, D.A.R. on UC, A.H. on UM2, C5 on UM1, G.P. on LM2 
    
    Indv. Rel. ind. traits shared trait 
MB11S379V0851 MB11S151V0666 6 
W. on UI1, T.D. on UI1, D.A.R. on UC, L.C. on LPM1, G.P. on LM2, 
Pr. on LM1 
    
    Indv. Rel. ind. traits shared trait 
MB11S502V1062 MB11S229V0324 5 T.D. on UI1, G.P. on LM2, D.W. on LM1, Pr. on LM1, C5 on LM1 
  MB11S151V0666 5 T.D. on UI1, D.A.R. on UC, A.H. on UM2, G.P. on LM2, Pr. on LM1 
  MB11S198V0601 8 
I.G. on UI2, T.D. on UI1, D.A.R. on UC, A.H. on UM2, G.P. on LM2, 
D.W. on LM1, Pr. on LM1, C5 on LM1 
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Appendix 4: 
the spatial distribution 
of the dental nonmetric traits 
and the possible related individuals 
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4.1. The spatial distribution of the dental nonmetric traits 
 
Winging on UI1 
 
Fig. 9. Spatial distribution of ‘winging on UI1’. 
 
From left to right, MB11S476V1054 (nr. 15), MB11S501V1097 (nr. 12), MB11S369V0886 
(nr. 9), MB11S151V0666 (nr. 22), MB11S123V0182 (nr. 45) and MB11S229V0324 (nr. 13) 
(below each other), MB11S527V1053 (nr. 32) (upper), MB11S269V1065 (nr. 40) (lower), 
upper; MB11S379V0851 (nr.39) and lower; MB11S059V0133 (nr. 41), upper; 
MB11S306V0561 (nr. 5) and lower; MB11S187V0311 (nr. 31). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
‘winging’. However, small separated spatial clusters occur between MB11S476V1054 
(nr. 15) and MB11S501V1097 (nr. 9), MB11S369V0886 (nr. 12)and MB11S151V0666 (nr. 
22), and MB11S527V1053 (nr. 32), MB11S123V0182 (nr. 45) and MB11S229V0324 (nr. 
13) (below each other) and MB11S269V1065 (nr. 40), MB11S306V0561 (nr. 5) and 
MB11S187V0311 (nr. 31).  
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Labial curve on UI2 
 
Fig. 10. Spatial distribution of the ‘labial curve on UI2’. 
 
From left to right, MB11S476V1054 (nr. 15), MB11S269V1065 (nr. 40), MB11S350V0844 
(nr. 20) and MB11S340V0724 (nr. 12). 
No spatial clustering present. 
 
 
Shovel on UI1 
 
Fig. 11. Spatial distribution of ‘shovel on UI1’. 
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From left to right, MB11S123V0182 (nr. 45), MB11S480V1042 (nr. 38) and 
MB11S379V0851 (nr. 39). 
No spatial clustering present. 
 
 
Interruption groove on UI2 
 
Fig. 12. Spatial distribution of the ‘interruption groove on UI2’. 
 
From left to right, MB11S476V1054 (nr. 15), upper; MB11S325V0676 (nr. 16),  middle; 
MB11S369V0886 (nr. 9), lower; MB11S370V0806 (nr. 34), MB11S239V0369 (nr. 33), 
MB11S502V1062 (nr. 43), upper; MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) 
(below each other), lower; MB11S198V0601 (nr. 29) and MB11S498V1071 (nr. 26). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘interruption groove’. However, small separated spatial clusters occur between 
MB11S369V0886 (nr. 9) and MB11S370V0806 (nr. 34), MB11S385V0874 (nr. 30) and 
MB11S446V0944 (nr. 1) (below each other) and MB11S198V0601 (nr. 29), 
MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) (below each other) and 
MB11S498V1071 (nr. 26). 
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Tuberculum dentale on UI1 
 
Fig. 13. Spatial distribution of the ‘tuberculum dentale on UI1’. 
 
From left to right, MB11S236V0335 (nr. 7), upper; MB11S369V0886 (nr. 9), lower; 
MB11S370V0806 (nr. 34), upper; MB11S482V1048 (nr. 47), middle; MB11S151V0666 
(nr. 22), lower; MB11S290V0472 (nr. 4), MB11S123V0182 (nr. 45) and MB11S229V0324 
(nr. 13) (below each other), upper; MB11S340V0724 (nr. 14), lower; MB11S379V0851 
(nr. 39), upper; MB11S502V1062 (nr. 43), lower; MB11S306V0561 (nr. 5), upper; 
MB11S388V0952 (nr. 3), middle; MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) 
(below each other), lower; MB11S198V0601 (nr. 29) and MB11S498V1071 (nr. 26). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘tuberculum dentale’. However, small separated spatial clusters occur between 
MB11S369V0886 (nr. 9) and MB11S370V0806 (nr. 34), MB11S482V1048 (nr. 47) and 
MB11S151V0666 (nr. 22), MB11S370V0806 (nr. 34) and MB11S290V0472 (nr. 4), 
MB11S340V0724 (nr. 14) and MB11S502V1062 (nr. 43) and MB11S306V0561 (nr. 5), 
MB11S502V1062 (nr. 43) and MB11S306V0561 (nr. 5) and MB11S388V0952 (nr. 3), 
MB11S379V0851 (nr. 39) and MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) 
(below each other), MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1), 
MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) (below each other) and 
MB11S198V0601 (nr. 29), MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) (below 
each other) and MB11S498V1071 (nr. 26). 
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Mesial and distal cusps on UPM1 
 
Fig. 14. Spatial distribution of the ‘mesial and distal cusps on UPM1’. 
 
From left to right, MB11S290V0472 (nr. 4), MB11S385V0874 (nr. 30) and 
MB11S446V0944 (nr. 1) (below each other) and MB11S488V1037 (nr. 23). 
 
Clustering occurs between MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) (below 
each other) and MB11S488V1037 (nr. 23). 
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D.A.R. on UC 
 
Fig. 15. Spatial distribution of the ‘D.A.R. on UC’. 
 
From left to right, upper; MB11S476V1054 (nr. 15), lower; MB11S236V0335 (nr. 7), 
MB11S501V1097 (nr. 12), MB11S454V0963 (nr. 21), MB11S151V0666 (nr. 22), upper; 
MB11S527V1053 (nr. 32), lower; MB11S269V1065 (nr. 40), MB11S350V0844 (nr. 20), 
MB11S379V0851 (nr. 39), upper; MB11S502V1062 (nr. 43), lower; MB11S238V0350 (nr. 
44), upper; MB11S388V0952 (nr. 3), middle; MB11S446V0944 (nr. 1) and lower; 
MB11S198V0601 (nr. 29). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘D.A.R.’. However, small separated spatial clusters occur between MB11S476V1054 
(nr. 15) and MB11S501V1097 (nr. 12), MB11S151V0666 (nr. 22) and MB11S527V1053 
(nr. 32), MB11S527V1053 (nr. 32) and MB11S350V0844 (nr. 20), MB11S350V0844 (nr. 
20) and MB11S379V0851 (nr. 39), MB11S379V0851 (nr. 39) and MB11S446V0944 (nr. 1), 
MB11S446V0944 (nr. 1) and MB11S198V0601 (nr. 29). 
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Absence of the hypocone on UM2 
 
Fig. 16. Spatial distribution of the ‘absence of the hypocone on UM2’. 
 
From left to right, MB11S149V0280 (nr. 2), MB11S369V0886 (nr. 9), upper; 
MB11S427V0938 (nr. 18), lower;  MB11S151V0666, MB11S239V0369 (nr. 33), 
MB11S339V0728 (nr. 46), MB11S340V0724 (nr. 14), 1th; MB11S502V1062 (nr. 43), 2th; 
MB11S306V0561 (nr. 5), 3th; MB11S187V0311 (nr. 31), 4th; MB11S238V0350 (nr. 44), 
upper; MB11S388V0952 (nr. 3), lower; MB11S198V0601 (nr. 29) and MB11S488V1037 
nr. 23). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘absence of the hypocone’. However, a small separated spatial cluster occurs 
between MB11S340V0724 (nr. 14) and MB11S502V1062 (nr. 43) and MB11S306V0561 
(nr. 5) and MB11S388V0952 (nr. 3), MB11S306V0561 (nr. 5) and MB11S388V0952 (nr. 3) 
and MB11S187V0311 (nr. 31). 
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Cusp 5 on UM1 
 
Fig. 17. Spatial distribution of ‘cusp 5 on UM1’. 
 
From left to right, MB11S151V0666 (nr. 22), MB11S229V0324 (nr.13), upper; 
MB11S385V0874 (nr. 30) and lower; MB11S198V0601 (nr. 29). 
 
Only a small spatial cluster occurs between MB11S385V0874 (nr. 30) and 
MB11S198V0601 (nr. 29). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
124 
 
Carabelli’s trait on UM1 
 
Fig. 18. Spatial distribution of ‘Carabelli’s trait on UM1’. 
 
From left to right, MB11S476V1054 (nr. 15), MB11S454V0963 (nr. 21), MB11S325V0676 
(nr. 16), MB11S151V0666 (nr. 22), MB11S229V0324 (nr. 13), MB11S480V1042 (nr. 38), 
MB11S059V0133 (nr. 41), upper; MB11S446V0944 (nr. 1), middle; MB11S198V0601 (nr. 
29) and lower;  MB11S101V0131 (nr. 8). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘Carabelli’s trait’. However, small separated spatial clusters occur between 
MB11S325V0676 (nr. 16) and MB11S151V0666 (nr. 22), MB11S446V0944 (nr. 1) and 
MB11S198V0601 (nr. 29), MB11S059V0133 (nr. 41) and MB11S101V0131 (nr. 8). 
 
 
 
 
 
 
 
 
 
 
125 
 
2-rooted UPM1 
 
Fig. 19. Spatial distribution of ‘2-rooted UPM1’. 
 
From left to right, MB11S454V0963 (nr. 21), MB11S370V0806 (nr. 34), MB11S482V1048 
(nr. 47), MB11S379V0851 (nr. 39) and MB11S306V0561 (nr. 5). 
No spatial clustering present. 
 
3-rooted UM2 
 
Fig. 20. Spatial distribution of the ‘3-rooted UM2’. 
126 
 
 
From left to right, MB11S460V0971 (nr. 38), MB11S379V0851 (nr. 39) and 
MB11S306V0561 (nr. 6). 
No spatial clustering present. 
 
 
D.A.R. on LC 
 
Fig. 21. Spatial distribution of the ‘D.A.R. on LC’. 
 
From left to right, MB11S480V1042 (nr. 38), MB11S379V0851 (nr. 39) and 
MB11S488V1037 (nr. 23). 
No spatial clustering present. 
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Lingual cusps on LPM1 
 
Fig. 22. Spatial distribution of the ‘lingual cusps on LPM1’. 
 
From left to right, MB11S236V0335 (nr. 7), upper; MB11S325V0676 (nr. 16), lower; 
MB11S369V0886 (nr. 9), upper; MB11S427V0938 (nr. 18), lower; MB11S151V0666 (nr. 
22), MB11S229V0324 (nr. 13), MB11S527V1053 (nr. 32), MB11S350V0844 (nr. 20), 
upper; MB11S379V0851 (nr. 39), lower; MB11S059V0133 (nr. 41), upper; 
MB11S446V0944 (nr. 1) and lower; MB11S198V0601 (nr. 29). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘lingual cusps’. However, small separated spatial clusters occur between 
MB11S325V0676 (nr. 16) and MB11S151V0666 (nr. 22), MB11S527V1053 (nr. 32) and 
MB11S350V0844 (nr. 20), MB11S350V0844 (nr. 20) and MB11S379V0851 (nr. 39), 
MB11S446V0944 (nr. 1) and MB11S198V0601 (nr. 29). 
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Groove pattern on LM2 
 
Fig. 23. Spatial distribution of the ‘groove pattern on LM2’. 
 
From left to right, upper; MB11S453V0973 (nr. 10), lower; MB11S236V0335 (nr. 7), 
upper; MB11S454V0963 (nr. 21), MB11S430V0965 (nr. 11), upper; MB11S325V0676 (nr. 
16), lower; MB11S369V0886 (nr. 9), upper, MB11S427V0938 (nr. 18), lower; 
MB11S151V0666 (nr. 22), MB11S229V0324 (nr. 13), upper; MB11S239V0369 (nr. 33), 
lower; MB11S270V1067 (nr. 24), upper; MB11S413V0896 (nr. 17), lower; 
MB11S275V0526 (nr. 19), upper; MB11S379V0851 (nr. 39), lower; MB11S059V0133 (nr. 
41), upper; MB11S502V1062 (nr. 43), lower; MB11S187V0311 (nr. 31), upper; 
MB11S198V0601 (nr. 29), lower; MB11S101V0131 (nr. 8) and MB11S488V1037 (nr. 23). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘groove pattern’. However, small separated spatial clusters occur between 
MB11S454V0963 (nr. 21) and MB11S430V0965 (nr. 11) and MB11S427V0938 (nr. 18), 
MB11S430V0965 (nr. 11) and MB11S427V0938 (nr. 18) and MB11S325V0676 (nr. 16), 
MB11S430V0965 (nr. 11) and MB11S325V0676 (nr. 16) and MB11S151V0666 (nr. 22), 
MB11S229V0324 (nr. 13)  and MB11S270V1067 (nr. 24), MB11S239V0369 (nr. 33) and 
MB11S275V0526 (nr. 19), MB11S413V0896 (nr. 17) and MB11S187V0311 (nr. 31) and 
MB11S379V0851 (nr. 39), MB11S488V1037 (nr. 23) and MB11S198V0601 (nr. 29), 
MB11S059V0133 (nr. 41) and MB11S101V0131 (nr. 8),  
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Cusp number on LM2  
 
Fig. 24. Spatial distribution of the ‘cusp number on LM2’. 
 
From left to right, MB11S290V0472 (nr. 4), MB11S269V1065 (nr. 40) and 
MB11S379V0851 (nr. 39). 
No spatial clustering present. 
 
Deflecting wrinkle on LM1 
 
Fig. 25. Spatial distribution of the ‘deflecting wrinkle on LM1’. 
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From left to right, MB11S454V0963 (nr. 21), MB11S229V0324 (nr. 13), upper; 
MB11S239V0369 (nr. 33), lower; MB11S269V1065 (nr. 40), MB11S350V0844 (nr. 20), 
MB11S502V1062 (nr. 43), upper; MB11S446V0944 (nr. 1) and lower; MB11S198V0601 
(nr. 29). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘deflecting wrinkle’. However, small separated spatial clusters occur between 
MB11S229V0324 (nr. 13) and MB11S269V1065 (nr. 40), MB11S446V0944 (nr. 1) and 
MB11S198V0601 (nr. 29). 
 
 
Protostylid on LM1 
 
Fig. 26. Spatial distribution of the ‘protostylid on LM1’. 
 
From left to right, MB11S368V0794 (nr. 27), MB11S304V0493 (nr. 36), MB11S370V0806 
(nr. 40), upper; MB11S151V0666 (nr. 22), lower; MB11S290V0472 (nr. 4), 
MB11S229V0324 (nr. 13), MB11S269V1065 (nr. 40), upper; MB11S340V0724 (nr. 14), 
middle; MB11S345V0757 (nr. 42), lower; MB11S379V0851 (nr. 39), MB11S502V1062 
(nr. 43) and MB11S198V0601 (nr. 29). 
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There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘protostylid’. However, small separated spatial clusters occur between 
MB11S368V0794 (nr. 27) and MB11S304V0493 (nr. 36) and MB11S370V0806 (nr. 40) 
and MB11S290V0472 (nr. 4), MB11S229V0324 (nr. 13) and MB11S269V1065 (nr. 40), 
MB11S340V0724 (nr. 14) and MB11S345V0757 (nr. 42) and MB11S502V1062 (nr. 43). 
 
 
Cusp 5 on LM1 
 
Fig. 27. Spatial distribution of ‘cusp 5 on LM1’. 
 
From left to right, lower; MB11S453V0973 (nr. 10) and MB11S476V1054 (nr. 15) (below 
each other), upper; MB11S236V0335 (nr. 7), MB11S501V1097 (nr. 12), MB11S368V0794 
(nr. 27), MB11S290V0472 (nr. 4), MB11S229V0324 (nr. 13), MB11S269V1065 (nr. 40), 
MB11S480V1042 (nr. 38), MB11S340V0724 (nr. 14), upper; MB11S502V1062 (nr. 43), 
lower; MB11S306V0561 (nr. 5), upper; MB11S385V0874 (nr. 30) and MB11S446V0944 
(nr. 1) (below each other) and lower; MB11S198V0601 (nr. 29). 
 
There is no general clustering in the Middenbeemster cemetery of individuals expressing 
the ‘cusp 5’. However, small separated spatial clusters occur between MB11S453V0973 
(nr. 10) and MB11S476V1054 (nr. 15) (below each other) and MB11S501V1097 (nr. 12), 
MB11S368V0794 (nr. 27) and MB11S290V0472 (nr. 4), MB11S229V0324 (nr. 13) and 
MB11S269V1065 (nr. 40), MB11S340V0724 (nr. 14) and MB11S502V1062 (nr. 43) and 
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MB11S306V0561 (nr. 5), MB11S385V0874 (nr. 30) and MB11S446V0944 (nr. 1) (below 
each other) and MB11S198V0601 (nr. 29). 
 
 
Cusp 7 on LM1 
 
Fig. 28. Spatial distribution of ‘cusp 7 on LM1’. 
 
From left to right, MB11S368V0794 (nr. 27) and MB11S385V0874 nr. 30). 
No spatial clustering present. 
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4.2. The spatial distribution of the possibly related individuals 
 
 
Fig. 29. Spatial distribution of the possibly related individuals. 
 
 
 
Table 12. The spatial structure between the possible related individuals 
Indv. Rel. ind. Spatial structure? 
MB11S446V0944 MB11S229V0324 No 
  MB11S198V0601 Yes 
   
   Indv. Rel. ind. Spatial structure? 
MB11S236V0335 MB11S198V0601 No 
 
Indv. Rel. ind. Spatial structure? 
MB11S369V0886 MB11S151V0666 Yes 
  MB11S198V0601 No 
   
   Indv. Rel. ind. Spatial structure? 
MB11S229V0324 MB11S151V0666 No 
  MB11S198V0601 No 
  MB11S379V0851 No 
  MB11S502V1062 No 
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   Indv. Rel. ind. Spatial structure? 
MB11S151V0666 MB11S369V0886 Yes 
  MB11S229V0324 No 
  MB11S198V0601 No 
  MB11S379V0851 No 
  MB11S502V1062 No 
   
   Indv. Rel. ind. Spatial structure? 
MB11S198V0601 MB11S446V0944 Yes 
  MB11S236V0335 No 
  MB11S229V0324 No 
  MB11S151V0666 No 
  MB11S505V1095 / 
  MB11S502V1062 No 
   
   Indv. Rel. ind. Spatial structure? 
MB11S505V1095 MB11S198V0601 / 
   
   Indv. Rel. ind. Spatial structure? 
MB11S379V0851 MB11S151V0666 No 
   
   Indv. Rel. ind. Spatial structure? 
MB11S502V1062 MB11S229V0324 No 
  MB11S151V0666 No 
  MB11S198V0601 No 
 
/ = undeterminable 
 
